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1. JIRTRODUCTION AMD SUMMAFRY

1.1 IKMRODUCTION

this is the first informal monthly technicel report under Con-
tract AF 33(657)-13264 and covers the period from Jerusry 17 through
Augast 30, 196k, Noume prior to thies report has been published as
considersble effort has been devoted “eé gystem snalysls, and system
parsmeters of this project have chenged rapidly. However, close per-
sonel iilsison has been meinteinsd with the Project Englnecr sand other
members of the customer's technical staff in resclving these psremgter
chenees and in @iﬂtﬁiaing up-to-date knowledge of project status,

Now, sufficient progress hes been made in the snalysis of the
nebive subesystem to document the decisions which have been reached
and to render informel monthly reports upon technicel progress and
additionsl system changes which mey cccur, To accomplish this requires
@ more detalled report, at this time, then iz contemplated for the
usual informal monthly technical report.
1.2 ESTABLIGHMENT OF TASKS

in order to estsblish technical end adminlstrative control of
the contract, the work belng performed thereunder has been divided
into tasks. These heve been grouped in three major categorles:

2. Frolect
B. Active Subsystem

c. Anterme dubsysten

P N 2 W K
L 17 s Y

1
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Included under Project tasks are!
g, Project administration
W, Systen analysis
2. (Mutter flight test program
Included under Active Subsystem tasks are:
#. Active Subsystem Mechanlzation and Integration
b, Trapsmitter and RF circuits
4. Hecelver
4. Data processing
2. Ulutter TPracker and Video eircuits
. Tow Voltage Power Supplies and Special Test Bquipment
g. Filter Bapk and Interrogator
Included under Antemnna Subsystem tasks are:
f#, Anslysis and Mpdel tudy
b, Development of Elements end Powor Dividers
v, Fabricetion and Test of Deliversble Anbtenns Systom
Yor this and subsequent monthly technicsl reports, project efforts
will be reported by tasks under these major categories,
13 MAJOR EVERTS
in swmary, the major evenis, vhich have scourved during the
pericd hereln repovted, sre tsbulsted helow:
a, Preliminary system Analysis (performed Iintermituvemtly
from the issusnce of the initial propossl Jumary 18,
1964 until verbal authorizetion to proceed wss given
fpril 8, 196k, This wes a limited effort for vhich

anticipstory costs have been allowed).

SR T 0T A T ITAM ER T
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b. Reguote of active subsystem and quote for antenns sub-
system on or about Aprll 7, 196k,
“. Comtinued system analysis {April 8, 1964 to present
date ).
d., Pequote of antenna subsystem May 8, 196k,
€. Hecelpt of letter contrect, May 15, 196k,
. Analysis of apticipated radio frequency interference
o cperation and Its effect upon operating frequency
vower, {This enalysis resulted in 2 decislom on or
about June 22, 196k, to change the operating frequency
from that proposed Jenuary 18, 1964 and to double the
cperating power and the consequent increase in the
segpe of work outlined in document A1B1227, deted July
2, 196h),
f. Mechanizetion study, definition of subunits snd pre-
limineyy subunit design {April 8, 196k to presont date)
h. Feceipt of definitive contract spnd first smendment
thereto, August 11, 1964,
1.b  CONTRACT COSTS
Yhe costs incurred under this contract are reported separately
end sre not included within this report.
1.5 PROJECT TASKS

1.5.1 Micigatmy Coats

initially the anticipatory coste were coneldersd to be those
secrued prior to verbal contract go-shead on April 8, 1964, This

effort vas devoted to contimuing system anslysis from Jamuary 18, 196k,

Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7
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with the primary purpose of establishing firm system payameters.
Additional effort was devoted toward system pechanization, A Pree-
liminery block diagrem was developed and from this block diagreanm
preliminery sub-unit definitions wvere mesde. Purther technical effort
was devoted toward investigetion of clutter filters, filiter banks and
preparetion of technical deta demonstrating that the porformence ree-
quired of these Tilters 1s schievable in the opernting environment in
which operation is intended,

The total costs so Accrued and charged to enginesring task AALIA
are approximstely $19,100, of which spproximetely $1,100 costs relate
to the passive system olectronics and will be traneferred to contract
AF33(65T)13262 vhioh resulted from thet effort and $3000 of which cosis
relate to the passive antennn system and will be transferred to con-
tract AF33(657)13261. The $15,000 remaining costs relate to the
active subsystem and meke up the anticipatory costs allowed under
contrect AFI3(657)1326h.

However, under the definitive contract i{ssued fugmest 11, 1964,
anticipatory costs sre defined ss those acarued prior to May b, 196k,
Therefore, anticipstory costs, so defined, comsist of time apd
materials eccrued mgainst engineering tasks other than AAJA betwesn
April 8, 196k and Muy 26, 196k, plus the $15,000 determined sbove.
inginesring Tesk AALA was closed April B, 1964, and no costs were
scerued to it subsequent to April 8, 1964, Thus, under the contract
definition, total "mticipétwy costs” to May 26, 196k, for Contract
A¥33{657)13264 are spproximately $100,000.

Hote: thst s1l1 references to costs made sbove are based upon i

T e o pn va O T R T NV
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engineering department computailons and are not officiel, Official
computations sust come from the Accounting Department.
1.5.2. Administration

A smell project group bas been established for administrative
and technieal comirol of this project, the persons nomed below serve

full time on the project:

a, ¥, G, Mallins aa Progrem Manager end primary Westing-~
house representative,

b, H. 8. Murray, senior fngineer, as aselstant to the
progrem mapager, responsible for engineering cost and
schedule comtrol, techmical reports, project security
and other sdministretive sspects of the project.

¢y J. We Hughes, Senlor Engineer, as assistent to the
wroject manager, responsible for wechenleal coordination
of the project and mechenical limison with the customer
and with other contractors, responsible for related
systems,

this project group serves the same functions with regrd Lo COD-
tyacts AF33{657)13261 and AFI3{657)13262.

In addition, J. W. Stuntz, Menager Acrospace Development Engincer-
ing; H, B, Smith, Aerospace Engineering Manager; H. V. Petrou, VP and
General Menager, Aerospace Division and I'. W. Eby, Aercspece Morketing
Project Lisison, function with the project group on & part-tine basis

in their respective capacities, as required.

Approved For Release 2001/08/28 : CJA-RDP67B00657R000200260001-7
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1.5.3. Project System Ansiysis

Also serving the project, since its beginning and ot the presemt
time upon sn essentially full time basis, are D, H, Mooney, Advisory

fngineer, rodar systems specislist, end M, 8, Wheeler, Advisory Engin-

car, Antenna Systems specislist., These have primary technicsl respon-
zibility for the establishment of system opersting peramphers snd
equipnent specificetions for a system fulfilling the operating re-

guirsments established by the customer.

A 1
EA
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1.6 SYBTEMS ANALYSIS

A considerable amount of effort during this reporting period bas
been devoted to more detalled snmalyses of system requirvements, based
on new snd more complete custoamer Input data. Turthermore, in 8 mng.
ber of sreas, ways have been devieed which improve performmence beyond
that originelly obtained. Alsc, a mumber of potentiasl problems were
uncovered which were not previocusly realized, snd have been cirous-
vented by modifying the mechanization.

1.6.1 Frequency Choice
The most important single analysis involved a study of the effect

of tranmsitted frequency choice on the rader interference perfor

detection performance, and hardware physical characteristics. Of these,
the interference sources were YWy far the overriding consideration. The
Trequency band from 100500 me was studied, which includes TV, high
power pulse rader, navigation aids, telemetry, and marrov-band commni-
cations interference scurces. The original propesed cholice of 190
200 me fell in the TV band so a detalled analysis wes made first of
the possibility of operating in the vicinity of both on-freguency and
off=frequency TV channels. To back up the enslysis, spectral meagure-
ments were made at & local TV station. A map of the geographical area
which would be negated by interference was prepared, and forcefully
showed the hopelessness of such a freguency choice,

A similar study of operating in the vicinity of the known types
af pulee radar was made, and the conclusions were simdlerly negative.
(In both cases the studies took into account interference spectra,

antenna patterns, rangs variations, redar frequency hopping, etc.)

Approved For Release 2001/08/28 : GIA-RDP67B00657R068200260001-7
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It was decided that the only practical cholce was to select an

aoperating band vhere the interferemce scurces were less potent. Three
such bends vere seleocted at 145 me, 240 me, and 30 me as being repre-
sentative of the clearest regions known (respectively, a ham band, s
telemetry band, snd a comunications band). Similar calculations of
interference problems showed that with improved receiver design (to

be discusmed subseguently) and with 6-10 me tunability, quite acceptable
performance would result in any of these bands. Therefore, preliminary
hardware designs at each of these freguencies were made Lo compare the
detection performance, or more simply, to compare the hardwere regquired
to obtain the same perfomsance. It was found that considerable differ-
ences did exist, as shown in Tablel.). The lovw freguency system had the
lowest power requirement and volume, but had an unacceptable frequency
tunability due to antenna bandwidth limitations. The high frequency
gystem had excellent bandwidth, bubt was very heavy and reguired excesslve
power. 'The 240 mc system was the best compromise, having adequate band-
width, lowest weight, and moderste power requirements. Compasred to the
original propoged system, however, it is somevhat larger and heavier
and requires more pover. It was comcluded that this ie a small price
to pay to galn the improvement in interference Immunity, and so was
snidod to the customer in June, 1964, and was accepted.

™e gysten modifications which are required to be compatible with
the new freguency are:

1. The transmitter average pover must be doubled (to 2 EW) to make
up for the smaller itarget cross-section and reduced antemna receiving
aperture at the higher fregency.

& ﬁ Losiim Z ...a et E
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2. The antennn installation becomes more dirﬁt, and is not
yet fully settled. It appesrs that the proposed symmetrical installae
tion about the vehicle centerline may not be possible due to excessive
spacing between antenna elements at the shorter wavelength. If this
be sa, the twe rows of elements must be mounted on the same side of
center, vhich causes more severe mechanical interference problems and
which reguires the addition of a metal ground plane behind the outboard
elements with obvious disadvantages.

3+ The recelver mist incorporate RPF filtering and a amoothly
shaped bang-gnuifer pulse to reject the interferonce sigmls. The
filtering is required %o limit the interfervence levels mo that they
do not drive the receiver stages non-lineer, causing clutter spectrum
spresding due to intermofulation. The spuffer pulse shaping is neces-
Bary to prevent spectrum aliasing of oub-of-band interference which
would spread into the filter bank pasgbend.

With the possible exception of the antemna, none of these modi-
fications presents any problem of consequence. The antenns problem is
still being studied and more detail will be given later in this report.
1.6.2 Terget Characteristics

Considerably more data has become available from the customer

regarding target characteristics, mich of vhich has affected the dee

tailed selection of system parsmeters. The information obtaimed concerns

measured date of target cross-section as a function of angles and
frequency, cougputer plots of target velocity end scceleration versus
Time for two target models and a range of target varisbles, and a re-
vised vehicle flight profile.

2 I
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The target cross-section data is very encoursging in that it 1s
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pear the asmmed magnitude of the proposal and it does not vary sig-
nificantly with aspect angles of ¢ 15° from the nose, hence the non-
fluctuzting model appesrs Justified.

For the proposal a calculation had been made of target reflection
based upon an ras sum of all the applicable surface reflections. The
value of 3 meter sgquare vas thus used at 200 me.

As messurements became evailable, it wne found that 3 meter square
was indeed & good design number for 200 mc but a deep mull existed &t
170 me and agrin at 340 me.

This target date will be avilable for the next report showing that
return is geserally good in the 200 mc and 250 me regions.

Another arves of interest has been in radar retwrn from the missile
exhanst. %¥hile there is & lerge amount of information available,
particularly from Stenford Research, the results appropriate to this
situstion must be inferred. ‘The principal problem in the lack of
meagurenents from the frontal aspect. There is an exhbaust return baving
skin doppler velocity but its pagnitude can only be estimated at 10
meter” 4 10 db. For this resson, this return has not been included in
the design work.

The nevw data on target velocity and accelevration versus time con~
tours slso are encourgaging in that they are less severe than the
original proposal) assumed. These data vere converted into the minimum
detectable velocity and the time avallable for detection as a function
of position within the desired coversge contour. The avallsble time
was found to have a minizum at the maximum crosg-range corner of the
contour of from 1.49 to 1,97 seconds, depending on the target model

{_}'L‘ n rETE
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assumed, or an average of 1.73 seconds. This is very helpful compared
to the 1.3 seconds of the nominel for the proposal, and permits getting
more looks (which were found to be necessary es will be discussed).

The new ground coverage contour is alao slightly more favorahle
in that it is somewhat spaller than that sssumed in the proposal. All
of the system cslculations, including the above times, are now based
on this new contour.

1.6.3 Antenna Coverage

In the proposal the antenns patterm was assumed to be a fen beam
shape. A transmitted azimuth beem.width of 90° and receive of 45° with
a 20° elevation bsam-width was considered. In the gecmetry of the
provlem, the antenna pointing apgle in elevation was selected to be
22.1/2° velow the horizon. The receive beams were squinted 22.1/2°
egither sida of the vehicle axis.

To check the coverage of the required area, a detailed study of
the gain pattern was performed. With this msall elevation pointing
angle, the pattern is dletorted from a fan beam because the antenna
operation is approaching endfire conditions.

As has been memtioned, congidexation of a different antenne cone
figwration was also reguired due to the frequency change. At the nevw
transmitted frequency, the symmetrical configuration proposed could
only be mechanized with a spacing of approximately one wavelength bee
tween the rows of the array. An asymmetrical confignration is needed
to reach the desirable 0.5 A spacing.

Approved For Release 2001/08/28 CIA-RDP67800657R000200260001 -7
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1.6.3.1 gain Pattern Investigation
Examination of the gain psttern of the array ves accomplished Ly

synthesizing the theoretical pattern from the array snd element patterns
knowa to be generated assmuning s flat ground plane. The pattern wes
then projected onto the earth plane for comparison with the desired
COVErnge Aref.

Two undesirable effects were noted in the one wavelength spacing
case. Tirst, the main lobe receive patvern beam-width was narrowed.
This made satisfactory coverage of the reguired area more airficult.

The second effect was the appesrance of a sidelobe, coly 3 s
down from the main lobe and located on the opposite side of the vehicle
axis. Operation with such sn existing gidelobe could mulilify or con-
fuse the angle sense of detections mads by the systemn.

A similar exsmination of patterns for cs.sr?t. spacing vas also con-
ducted mince it vas considered pomaible to attain thet spacing. The
regults were not significantly different, however.

Inspection of the element receive pattern, which is the prime
cause of the beame-width change and sidelobe generation, revealed thai
a 0.5 A spacing is optimm. Therefore, the process of synthesizing
gnin patterns and comparing them with the desired coverage wes repeated
for this case. The wider beam-width eased the coverage problems and,
as expected, the sidslobe level was reduced to & negligible factor,
Because of these factors, the use of the Q.ﬁl spacing, 1.e.; the
asymmetrica) antemna configaration, appears most desireble for good
system perlorsance.

The ssymmetrical configuration, however, introduces another
factor into the problem. Installation of the array on this eonfigaretion

feie f
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would cause rows to be placed on a plane inclined 18° in roll.

The resulting offe-center tranemit pattern is undesirable and the
antenne patierns must be intentionally distorted in order to make them
symmetrical about the vehicle axis. A planned variation in the element
design will accomplish this and will be described later in this report.

Figure 1.1 shows one-half of the coverage area on the earth with
2-wsy gein contours superimposed. These contours were drawn for the
0.5 A separation array mounted on the inclined plane. The dotted con-
tours on the figure are desired gain conbours geneveted from detection
probability and eclipsing loss considerations as described in a later
paragraph. The flgure shows that gatisfactory coverage will be obtained
with this anteana configuration. -

Note that the contours in figure 1,1 are shown in db below two-way
peak gain. The two-way peak gain of the antenns gystem has been calcue
lated to be 25 db including all antenns losses. This has increassed two
db from the proposed value because of more precise pattern and beas.
width information.
1.6.3.2 Polating Angle and Beam-width Investipation

Pointing angles and beam-width were varied to determine the proper
values throughout the gain pattern iavestigation. Some changes wers e
quired to reach the pattern shown in figure 1.1.

The tronsmitted azimmth beam-width remeined 90°. The received
value changed to 45%. In e¢levation, both receive and transmit beam-
widthe became 21.1/2°,

It should be noted that the beam.width figures quoted exist only
as one-way figures. In the synthesis of the 2 dimensional, Lwow-way
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patterns, due to the distortion near
tion planes are twisted ao that one-~plane dimensions lose thelr meane
ing.

Pointing angles both in azimuth and elevation were changed to
optimize coverage. The depression angle measmired from vehicle center
iline is 31}“, vhile a 20° azimith squint angle was selected.
1.6.3.3 Sumsary

Coverage investigaticna indicate that the gpace between rows of
the srray should be 0.5 A for optimum coverage and complete absence of
ambigulity. Present calculations are proceeding with the assumption that
an asymmetrical antenna configuration must be used to reach this condie
tion. It is possible that the slierpate symmetrical form can be uysed
if a method can be developed to shorten the elscirical separation of
the rows.

Use of the 0.5 A spacing and the new pointing angles ylelds gain
patterns which appear to satisfactorily cover the desired area.

1.6.4 Integration Time

Of all the parameters, other than the antenne, available for
optimization, the selection of the integration time is probably the
most lmportant. There is only a short time avallable in which to make
a detection, verify that it is a desired terget, and reject undesired
targets; in the meanvhile trying several PHRP's 50 a8 to prevent eclipsing,
and selecting the best transmitted Treguency to minimize Iinterference.

A study was made of the effect of integration time on the signal/
noise required for detectlon. Shorter integration time is partly made
up by having time for extra looks, but the longest poasible tims vas
always found to be best for detectability. Vhen the effects of false
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targets were conaidered, it was found that at least 4 looks are neces-

sary to prevent possible missing of = true terget due to the Fif switch-
ing sequences in the presence of a false target. Also, & study of the
effect of having the radar looks not exactly synchronized with the target
available time showed that a considerable loss resulted unless at least
four look times are allowed for.

The integration time also influences the scapning loss that re-
sults when the true target acceleration does not exactly match the
filter bank gveep rate. It slso directly affects the filter bank move.
ment of the target from one look to the next, and hence the discrimins.
tion performance. The former effect makes & short time desirable, while
the latter mekes a long time degirable. All of these effects were calcue
iated and compared, and an integration time of 0.29 seconds wvas selected
ag the best compromise. Thie permits & locks as shown in figwre 1.2 in
virtuslly all cases, including even the worst of the target models, and
reasopable performance in all the areas meptioned.

1.6.5 Filter Dank Parameters

The cholce of filter bank parameters are also important in determin-
ing the detection and discrimination performance. The varicus effects
were considered of the choice of band-width of the individual Iilter bank
filters. The most important one is the discrimination capability between
desired end false targets. The narrower the band-width, the greater the
number of filters the target moves from look to look. An anulysis of
the centroiding error in determining the target average filter position
showed that it would be at most + 1/2 filter, corresponding to + 1 filter
ipnerement arror from look to look. Bince this error is fixed, marrover

filters improve discrimination.
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Karrow filters also slightly improve the B/N required for detection

for a target which 1s stationary in the filter, bui this is 2 minor ef-
fect due to the use of post detection integration. A seriocus problem
would result, however, if 1o narrow filters were used, due to true
targets vhich are not exactly metched to the filter bank scen. A scanw
ning loss resulis due to shortened effective integration time, Thim is
ospecially true for target signels that happen to fall near the split
between two adjacent filters. Curves were made of this loss and the
narrowest filters which gave acceptable loss were about 14 cps at the

cross-over pointa. This cholce results in the acceleration accepd

band of figure 1.3, due to centroiding ervorg, which seems quite reasone
uble. This figure is for the worst possidble S/NH and the average curve
is much more nesrly square.

The total band-width covered by the filter bank need at most cover
from the clutier edge up to the highest target velocity of interest.

It was found, however, that the upper sdge is mot at sll critical, omiy
affecting the maxiznm rumber of looks nmesr zero azimuth. Beyond about

5 looks, very little is gained in detecticn performance, so the filter
benk coverage was selected ag 560 cps which gives at least 5 looks for
all conditions of gecmetry. This reduces the mumber of filters scmewhnt
below vhat would othervise be needed, which is desiradble due to the nsr-
rover Tilters now reguired.

The frequency response of the individual filter bank filters vas
originaily & 2-pole Butterworth response. ‘The effect of a very strong
false target was found to be to trip off & very large mwmber of filters,
due to insufficient skirt attemuation. A study of meximm sigoal levels

Approved For Release 2001 8 : CIA-RDP67B00657R000200260001-7
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and fiiter complexity resulted in the decigion to go to 3-pole Butier.
worth filters, which limits the nmumber of flters tripped to & value
the digital centrolding ciroults can handle, while also greatly reduc-
ing the portion of the filter bank vhich a false target can mask. These
factors appesr to definitely cutweligh the additiomal complexity of the
Tilters.

The coptimum db poiat for ome filter to cross-over an adjacent
filter response was found to be less than the -3 40 level originally
aggumed for two rveasons. First, the detection performsnce is much
poorer for & signal falling at this point, even though there are two
filters vhich cumilsate detection. Secondly, the filter bank mechanizs-
tion can conserve on crystal elements by sharing them in adjacent filters,
but the cross~cver ls then pre-determined and is -1.5 4b for the J.pole
filters. This then wns sgelected as the nev crogs-over to satisfy both
deasires, but, of course, is reflected in increasing the total musher of
filters;

In studying vhat is required to minimize the effect of interfering
signalis on the redar performance, it wes found that a large dynamic range
is desirable in the doppler samplifier right up to the filter bank. This
restriction limites the gnin vhich can be used shead of the filters, and
hence raises the gain required after sach filter. This was found o be
nearly 90 db of gain in each of 30 Iilters and, furthemore, each ampli-
fier mast be gain comtrollable for AGC and must track the others perfectly.
This vas concluded to be ippractical so & filter bank mechanizetion was
devised which uses only 1 amplifier which isg time multiplexed between
the 80 filters, hence getting perfect tracking. The hardware savings is
small, however, since the switching circuits nearly wmake up for the ame
plifiers saved.
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1.6.6 PRF and Duty Cycle

Two Tactors forced the PHF's to be increased over the propoged
values. First, the doppler spread of targets inoreansed due to the higher
tronsmitted frequency, reguiring a higher PEP to prevent smbignity.
Secondly, a new type of AGC was found to be necassary (to be discussed
subsequently) which raquires & clear band of dogpler in which no target
signale can appear. This requires raising the PRP even further. At the
game time, it is desirable to select the PEF ratioc so that bad eclipses
are avolded, and to position thoze that remain to fall at ranges where
the gain, range, and available time are not worst. As a resuli of such
a study, the PRF's were sslected as T.42 KC and 6.3 KC, which satisfies
all reqiirements.

The effect of transmitter duty cycle was also considered and it
was Pound desirsble to make the transmit pulse and recelver bang snuffer
pulse duration equal. Because of = small dend time due to the ringing
of the receiver R interfersnce filter, this turns out to be & trange
mitter duty cycle of about 0.48 rather then 1/2.

1.6.7 Bignal/Nolse

Bacause the aptenna configuration 1s not completely firm at this
time, rather thenm calculate the system detection performance for the
sctual sntenns, the reverse has been done spd the desired antonna pot-
tern found for an assumed level of performance. Figure 1.4 shows the
regult of these caloulations, over the ground coverage contour, to glve
90§ probability of detection (and discrimination) on the worst tavget
model with the vorst losses. In order to obtaln this curve, all of
the known losses in the signal processing had to he Tirst evaluated,

such &s the scan loss due to the mignsl moving through the filter bank,
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gsignal loss due to the signal falling at the filter bank cross-over
point, misaligned looks relative to the targst availsble time, etc. J
Also, the eclipsing wag taken into account at each range, as well ag
the number of look times avallsble.
Present indications are that the antemna can give at loast these
gains over the eantire conmbtour. The two reglons which are most marginal,
as supected, sre the maximum cross range corner reglon of the coverags
contour, and the maximwa rangs, zero szimuth region. All other regions
should have conslderably better performance since the anienona gain
margin will be greater.
In the process of calculabing the B/N required for a given per-
formance, & favorable error was found in the cumulation formmlas glven ;
in the proposal for muitiple looks and this was pointed out (and core
rected) to the customer in en informal memc in February, 1964. Curves
have been prepared for the per look and multiple look probabllitles
versus 8/8 for various conditions of eclipsing, and for various points
on the filter bank filter response for the nev system parametors.
1.6.8 System Mechanization

A mumber of mechanization trade-offs were considered which ine
fluence system performance indepeudsntly of the hardware design.
Several areas were found to give inadequate smystem performance and
vere subsequently modified accordingly. One of these was the AGC systen,
vhich was originally concelved as regulating the signal.plus-noise shead
of the filter bank, as past systems have done. This wes concluded to be
unacceptable in this system since strong false targets, ns are likely to
be present, can easily capture the AGC and submerge the desired turgets.
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A1s0, this arrangesent 1s susceptible (o interference pulses, cauging
ccloration of the nolese going into the filter benl. A new Yype of AGC
system was devised, which operates on an outeof-band frequency region
to prevent target suppression. By applying the AGC after the filter
bank, coloration of the interference is prevented solving that problem
too. The detechbion threshold was improved 2iso by generating it from

integrated nolse, thereby cancelling component drifts.

The new AGC slso eased the clutter filter requirements since
slutter does not need to be campletely rejected in the third IF any-
more as it camnot affect the new AGC. The vider dynamlc range ahead
of the Tilter bank to minimize interference problems also eased the
clutter filter requirements, since again the clutter need not be com-
pletely rejected. Hoth these effects combined make the clutter filter
no longer & critical item.

Besides the pew AGC, 8 new angle messurement mechanization has
alsc been found 4o be desirable. The customer has stressed the need
for reliable angle indication, since it apparently plays a cruciel part
of the alarm. As & result, the original mechanization has been modified
to give a more reliable indication, The problem with the origimal is
that a strong tsrget can give both a "right” and "left" indication even
though it is clearly left or right, by exceeding the thresghold in both
charnels. A very eimple modificaticon has been made which now mmkes an
amplitude comparison on a filter-by-filter basis each look, using a
differentisl threshold. This will inhibit the wrong channel on strong
targets, while still giving & "both" imdication when the signsis are
spproximately equal. (At the customer's request, only two indicator
lights will b2 used vather than three, since "right” and "left” being

Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7
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1it eimultanecusly can show "middle” adequately.) Performence of the
improved angle measurement was caleulsted and found to be quite satise
tactory, requiring about 3~ db signal amplitude differential to oper-
ate.

1.6.9 Miscellanecous Analyses

A number of analyses were made to selact the more detailed xystom
parameters. For example, one covered the choice of IF freguencies and
local oscillator freguencies for the recelver. Spurious signales can
be very sericus in a doppler radar unless very careful selection is
made of the variocus frequencies. For example, each frequency must be
chosen to avold intermodulation products of all orders from fslling in
the pass bands and to avold even very high harmonies of the radar PRF's.
Bach has been done and spurious frequencies should not he & problem.

Also, an analyslis was made of the signal, clubter, and noise
levels throughout the system since thege influence the gain dletribution
and dynamic rangs dasirable in the various bandwidth amplifiers.

The exact fraquenclies of Imown radio sources in the world in the
band of intereat wers consulted in unclassified literature snd exact
transmitted frequencies selacted so as to best cover the total system
bandwidth vwhile falling between the interference sources. A total of
T frequencies were choaen as belng asdequate, an odd number being desira~
ble for sequencing purposes.

A bvagically different type of "filter bank™ mechanization was
studied vhich sppears to have some potential advantages in performance.
This mechanization would use a magnetic tape recorder to record the
doppler signals with a high speed read-head and a single multiplexed
riltgr. A single Tilter would be adequate due to the time gpesd.up

re oy S e e el e g v e ST 8
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of the readehead relative to write. Very stesp and narrow Tilters
could be easily implemented with this arrangement. Tape recorder
suppliers were contacied and all agreed on feagibility, but none could
deliver in the required time schedule. Therefore, the idea was dropped
in preference to the original passive Tilter bank mechanization.

An anslysis of the allowable frequency drift on each of the
crystal ogeilletors in the system wes made and in the endeavor, a
mechanization was devised which completely cancels all drift in the
first two local oscillators. In all cases the drift requiremenis are
within the gtate of the art.

1.6.10 Clutter Spectrum Consideraticns

During the proposal stage, a value of reflection coefficlent,d, ,
wag used which had been developed by extrapolation of existing data.
The clutter spectrum was predicted by manipulation of an idealized pate
tern incorporating the extrapolated Og.

Tn Bection 1.6.3 mntenns gain patierns are mentioned which were
synthesized from known antenna parameters. Thage same patterns miy
be utilized to calculate the clutter spectrum more precisely than dur-
ing the proposal phase. This work is now underway. Preliminary in-
dications, uping the extrapolated g s are that clutter will be larger
than predicted.

However, in the interim, some further data on reflectivity has
been secured. Figwe 1.5 shows & sample of this data. Values of 6
ave plotted versus freguency. The polnts above 1 Huc were utilized
in the proposal phase to predict the circled points at 515 me in the
propossl. Later data fram studies done by BRL provided the hoxed points

&t%m.
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An investigstion of backscatter performed by the Stanford
Research Institute for the Office of Baval Regearch providsd the
dats shown at 32.5 mc. 1If the linear extrapolation shown by the
connecting lines were used, 1t would indicate that og varies between
«24 and -32 db at f,. The proposal extrapolation predicted -12 to
.28 db for the same down-look amgles (40% and 10° respectively). Thus
it sppears that o may be substantially lower then predicted. Om the
other hand, the linear extrapolation is of doubtiful value, sg evidenced
by the slope variations seen on the curves. Also, little dats wvas
found on other types of terrsin (Figure 1.5 is data taken over water)
and ground targets should place more stringent requirements on the
systomn.

In summary, nev cajculations on clutter indicate a higher level
except that o; values way have decressed from the assumed. The ground
clutter flight test (sce Section 1.8) will shortly provide a value of
o, which will settle the question. Final clutter spactrum levels and
shape will be calculated as soon as the flipght test data 1s avallable.
1.6.11 Table of Parsmetors

Because of the various factors dlscussed above, many of the radar
parameters have been changed sowmewhat since the propossl was submitied
in order to better optimize performance againgt the updated threat model.
The present parameters are summerized in Teble 1-2.
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Table 1.2
Teble of Bedar Parametors
Nominal transmitter frequemcy (fj) 2h2.1 me/s
Kumber of gelsctable frequencies T |
Spread of selectable frequencies 9 nc/s
Exact transmitter frequencies: -

(3} £o - LT mefs, (b) f5 - 0.2 me/s
{5) fo+ 1.6 m/:i 8) fo + 3.5 m/u:

51} fo = &5 mc/s, gzg fo = 3.5 me/s,
(7} fo + &5 meo/s

Sequence of AFf frequencies 1ebaTa3ebuas
Average transmltted pover 2 ¥
PRF's gl) FE 4l = 6.3 KO
2) PR £2 = T.42 XC
PRF clock frequency 1,424,640 cps
PHF dividers (1) 32x7; (2) 32z 6
Transmitier pulse width {1) 75.45 usec; (2) 64.25% usec
Transaitter duty cycle {1) o.kBo; (2) o.u77
Peak trensmitted power (1) 417 x93 (2) 420 8w
Transmitter ON/OPF ratioc » 125 db
Bumber of receiver channels 2
RBeceiver amplifisr frequencies (clutter edge): -
RP amp Transmit frequency
Pirey I 29,112 me/s
Second IF : 975.36 ke/s
Taird IF 8k.96 kefs
Becetver ampliifier bandwidths -
RF amp 5 mo/e
First IF 5 kefs
Second If, Third IF 1.6 ke/fs

¥ Y
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AR T T 1 il 2w 1 9 3]
17T. B8talo crystal oscliliator freguencles: -

104.2545 mo/s; 10L.THhS me/s; 105.6445 me/e;
106.3955 mo/e; 10T.294%5 mefs; 108.2445 mo/e;
108.Ths5 me/s

18. 8econd LO crystal oecillator freguency: -
23.13664 mc/s

19. Clutter track variable crystal oscillator fregquency: -
975436 xefs (=)
clutter edge freg.

20. Third 10 varieble crystal cacillator frequency: , -
890.4 ke/s {+)
filter bank sweep

21. Clubter track crystsl oscillator frequency: I75.36 ke/s

22. Loocsl oscillastor frequencies: -
Pirvst LG Transnit frequency (~) 29.111 me/s
Becond 1.0 28,1366k mc/s
Third LO 890.4 ke/s (+)

filter bank sweap

¥

2%, Receiver amplifier gain:

RF amp 15 db
Firat IF O de
Second IF 0 an
Third I¥ 70 ab
24. Receiver internmal noise figure &€ 3 4ab
Z5. Bysten nolse tempereture (gt antenns terminals) 1,@6&“ K
26, Receiver sensitivity - 156 dm
27. ¥aximum clutter/nolse spectral density into receiver « 70 dim
28. Maximum OV interference into receiver (3 me spacing) - 32 dm
29. Maxbmur input for 1 usec receiver recovery - T dbm
30. Maximmm intermodnlation products Fgqual to noise in 17 cops
31. Bang snuffer on~toe-off ratio (2 stages) © 50 db
32. Bloughing suuffer: -
:‘_}
Leading and trailing edge shape {sine)” per stage
Rige or fall time 4,2 usec

Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7
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33. AGC dymamic range (2nd and 3rd IF) 70 db
3h. (lutter track oscillator frequency offset control renge:

Linear 400-1,600 cpa

Ground Test 0-1,600 cps
35. Clutter track eseillator stabllity snd linearity: -

+ 10 cps over ran

36. Humber of filter banks e
37. Bumber of filtere per filter bank 50
35. Filter bank bandwidth: -

Crosg~over 1% cps

-~ 3 db 16.2 cps

Hoiae 17 cpe
39. Humber of poles per filter 3 {Butterworth)
40. Tobel filter bank coverage 560 cpa

4. Filter bank spacing from clutter edge (at zweep start) 100 ops

k2. ¥Filter benk sveep excursion 81 cpsf0.3k gec
43. Post detection integration time 0.29 mec
k. Post detection integration samples (Marcum's ¥) 5
45. Receiver blanked time between looks: -
PRF gettle and ACGC gettle 0.1 sec
AGC seotile only 0.05 sec
k6. Total time per look: -
o detection on previous look Q.39 sec
Detection on previous look 0.34 sec
k7. Felse alarm mmber (Marcum's X) 3.(36
Lfi. Palee alerm time (average): -
Per look (noise only) 15_minutes
Verified detection gmiaa only, two looks) 16! years
Verified detection (noise plus falge target, 75 minutes

two looks)

N
i

828 e




49.

50.
21,
5&s
53.

She

35
56.

7.

61.
62.
63.
6h.

Approved For Release 2001/08/28 : CIAfRDPS?BOOGS?R&BOZOOZGOOO1-7

Rumber of looks required for detection:
True target only, at 50% - 50% eclipse
PTrye target only, at 0% - 100% eclipse
False target at 0% -~ 1007 eclipse, plue true target
False target at S0% - 50% eclipse, plus true targed
Bank mulbiplex scan raite
Bumber of sumples scanned
Bcanning seqience rate
Mumber of sequences per integration time
Filter bank instentaneocus dynamic range:

Filter bank driver
Filter bank multiplex applifier

Bandwidth of AGC filter
AGC renge of filter bank mltiplex smplifier
Maximum pumher of Tilters exceading threghold:

gtrong true target
Btrong falee target

True target locks-toe~look filter - centroid acceptable
movement

Falge target look-to-loock fllter - centroid
rejection movenent

Miltipie target filter - centroig acceptable
movement for inhibit

Angle guantizing

23
2=k
25
6.36 kefs
8k
T5+7 cps
22

0 db
20 ab

560 cps

+ 10 %0 « 30 4

-y

3
10

+ 3-1/2 to + T-1/2

«3to+ 3

- 1=1/2 to + 1e1/2

Right, left, both

Aars indication Right light, left light, audio ton=

Alsrm duration 0 seconds

mvisa.tmn input data; -
Guantization 1 knot
Maxisum range 4,006 knote
Data rate 1 sample/second

Approved For Release 2001/08/28 :
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65.

67,

69.

TO.

Tie
T2,

73.

Approved For Release 200%

Power pupply voltages and currents:

? 0.84 amps approx.
? LoT2 ampS &pprox.
% 0.91 amps Approx.
3 2.49 anps approx.
4.00 empe approx.
1.93 ampe approx.
7 0.83 azpr approx.
® 4,50 amps approx.

(3 I . B B S A
ERFoaERE
ol oy wd o g g
@%&%@%%%

Antennz azimth beamwidth:

Traogsmit
Racelive

Antenns elevation beamwidth:

Trananit
Recaive

Azimuth beam pointing angie:

Tranmuit
Recalve

Flevation beam polnting angle (from antenna axis):

Transmit
Recelive

Antenna pesk gain {at pointing sngles):

Transmls
Receive

Antenna FF bandwidth (- 1/2 db)
Bumber of rows of clements in aatennns

Total number of antenna elements

260001-7

2..5%
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1.7 SYSTEM CONFIGURATIOR

The system will be inetalled in the vehicle ag three aggexblies.
The electronics will be in the right side equipment box between stations
479 and 565. If the problems created by full wave-length spacing can
bLe resolved, the two antennag will be in the wiring troughs on each
gide of the vehicle betveen stations 479 and 720. Iaterconnections
between the right and laft side will be made through the vheel well.
Since the transmitting antenna and the electronics will require a one
inch diemeter interconneciing coaxial cable t0 handle the high powser,
the transmitting sntenna will be on the right side to limit the length
of the 1" diameter cable that is required. The left mide antenna serving
ag receive only, with no high povwer requirement, will require a smaller
diemeter interconmnecting cable.
1.7.1 Antenna

The antenna installation will consist of a rectanpular sheet of
dielectric material approximately 21 feet long by 11 inches wide. This
gheet will replace the trough covers and be made the thickness reguired to
satisfy structural requirements. On the sheet will be a series of "boxes”
7 inmches wide x 1& inches long and 2 incher deep. These "boxes” will be
gpaced on 15 inch centers and when installed will insert between station
fromes. The 2 inch height of the box will enable it to stay below the
top of the station freme members.

The boxes will be comnected in aseries by coax cable througfh cone-
nectione at the sides of the box. The duplexer and coax connections
to the boxes will be 1limlted to 1 inch in helght and incresse the overall
width of the box to approximately 9 inches. It ig anticipated that this

Approved For Release 2001/08 A-RDP67B00657R000200260001-7



approach will permit the box intercomnection cables to go under the
frames vhich are recessed 1.10 inches in the trough area. This will
allov the entire assembly and dimassembly of each antenna in one piece.

leT 2 Mr El&ctmn:.cn

The radar electronics will be Installed in the box structure sup-
plied by the user along with the RF parts of the right side direction
finding (d.f.) antennas and the cooling system. The box will then be
installed through & hinged door apd hard mounted to the ailrframe,

The d.f. B parts and the cooling system will be hard mounted to
the inside of the box, however, there will be thermal insulation ingerted
at each mounting point.

Bxcept for the filter box, the entire active radar will be vibra-
tion isolated from the box. In fact, the transmitter-recelver unit will
have dual isclation from the box.

The radar electronics will consist of five separate chassls that
will sssemblie through the box cover onto the vibration isclation system
using standard military electronic equipment clamps (NAB-573). ‘me-w
fasteners will permit the sesembly and disassenbly of the radar electronics
without the use of tools of any kind.

The five chassis sre the povwer supply, transnitter-receiver,
clutter tracker, filter bank sand the data processor. A list of the

welght volume and power dissipation is shown in Table 1-3.

Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7
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TABLE 1 -3

GHIT WEIGHT-LBS. VOLUME FT3 PWR,DISS,-WATTS
Power Supply 64 1.6 350
Trans-Receiver 8o 2.2 2087
Clutter Tracker 18 0.4 _ 55
Filter Bank 10 ok L5
Data Provaessor . 13 0.5 Eiv
Feame & Intercomnections 3% | 1.3 10

Total 289 b, 6.5 Ft.> 2607 Vatts

e
DP67800657R000200260001 -7
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1.7.3 Cooling Systen
Preliminary aopslysis of the cooling system indlestes that up to

seven fape and Bbeat exchanger uniis will be installed in the upper

ended to use

ek trisngle portion of the box. Az of now 1% 15 in
the 1 gpm pump, reservoir, filter and heat exchanger units that are
presently used in the otber system using the box. Tt 1s intended

that approximately 2400 waits of the 2627 totsl shown in Table 1-3

will be cooled by the ligquid directly. The fan-beat exchanger units
+1ill be used to elliminste the remaining power dissipation, enviromsental
snd conlling systen lond.

The 05-25 cooling fiuld will enter the rear of the box throush 8
self-sealing connection, pass through the filter and go in parallel
through the fan<heat exchanger uwnits. The fluid will ther pass through
the power supply chassis %o cool the high voltage compenents and the
ilovw voltage regulator power transistora. From the pover supply the
flvid will go Yo the transmitterereceiver to cool the Il{miter, power
tube and duplexer. From the transmitter-receiver the £iuid will ke
pumped out of the box through another self-sesling commector.

Calculations indicate the fluid will bave a 60°F temperature rise
in the box end msouming 8 95°F inlet tempersture will result in &
155°F outlet tempevature during radar operation.

Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7
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1.8 CLUITER FLIGHT TEST PROCRAM
1.8.1 Purposs

o determine the rador reflectivity of various types of terrein
in the 200 me, reglon, The terrvein to be evalusied Includes (st
lapd, two mepects of m city, & bay, forest and mounteins, '

1.8.2 Qeneral Deseription

In the initlel plamning, the company's 0.3 was to be utilized
for the {1ight progrem. As this airoreft was sold before the tests,
a Beechoraft of the Queenalr type was modified for the (lighta,

These modifications Included structursl additions Lo mount a vertically
polarized antenng on the right zide of the sireralt and to mownt the
transmitter, recelver, display and recording instruments within the
sireralt,

A Ravy type SK redar tvansmitber was used, To physically fit
in the silrereft it was cut into tvo parts and rewired, The Vitro
model 1306 receiver was also modified to ramove all coupling time
constants,

A mock-up of the antemns veflector portion of the aireraft's
surfaece was mude to fecllitate the masﬁr@mmﬁ of the antennn pettern
and gein on the entenns vemge. The alreraft structure and equipment
nodifications are completed and the system is in operating condition.

The Tirst data flight has been made with the radar eguipwent
vperating satisfactory. This dats plus that from additiome)l test
flights will be proceszsed to determine & median value of reflection
coefficlent for each iype of terrain. If poasible, the resulis will

be compared to results of similar tests run st other frequencles by

Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7
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the Wavel Resesrch Lab {NRL) and stanford Research Institute,
Acknovliedgment must be made of the idess and techniques derived
From BRL and SRI project reports arnd particularly frowm a visit with
M, H. Y. Guingrd of BRL.
1.8.3. Equipment

Beecheorelt Queenair asircraflt

Havy type SK radar tremsmitter

Vitro receiver model 1306

Measurements Corporation simnsl generstor model 80

Dy Joed - Bivd wmodel 824

Alrborme Instruments Lab pover oscilletor type 651

Termaline wottmeter model 611

Tektronix oscilloscope type 545

Biue band duplexer for type 5K raday

Fortloally polarized side looking snbasns

CREers
1.8.4,  Procedures

“he procedures used In opereting emd cslibrating the system and
mensuring and processing the data will be described briefly bere in
terny of the conduct of & typlesl flight, The specific procedures mey
be conveniently divided into three groups: preflight checks on the
ground, calibrations eand measurements during the Flight, and post
flight date processing.
During the initial cslibration of the system on the ground, the

trensmitter is tuned 1o opermie on the assigmed freguency of 219 me.

and the pulse length and pesk radiated power are scourstely determined.

Approved For Release 2001708/28 : CIA-RDP67B00657R000200260001-7
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Por initial calibration, the system 1s commected as indicsbted in figure
1.6, The duplexer is termineted with the dummy load and the limiter
and switch., 7The tronamitier and duplexer are then tuned o 219 me.

o eslibrate the pesk pover output end accuratsly determine the
sulse length, the aystem is compected asz indicated in figure 1,.7.

The duplexer la detuned éné wbilized az an uncallbrated directional
couplor. The type 651 oscillnbor 1s set to opernte In a CW mode and
the oseillator coupling adjusted to give & 10 watt output, The trens-
witter output is then mesaured by comparison to the oalibrated 10 watt
sisnel through use of the varieble sttemuator, and the exact pulse
duration determined on the detected pulse on the ocseilloscope. If
poszible, the return from 8 stotiomary target will be meximized by
tuning the duplexer with the antenna comnected to the system ss shown
in figure 1.6. This completes the preflight celibrations and mensure-
menta.,

In flight, the receiver will be tuned to the tronsmitter frequency,
snd the recelver gain will be adjusted sc that 954 of the retuwrns fzil
on the face of the scope., FRoughly 240 picture fremes of dats will be
taken for each type of terrain. Immedimstely after recording the duts,
the recelver gain will be calibrsted st four simel levels provided
by 8 (W aigmel generator. The cslibration will be recorded on film
and the sigoel level oudt of the signnl gemerator will be logged. This
completes the in~flight calibrations end meosurements,

Jote processing will begin after the £light £1ilms have been de.
veloped. Individusl frames will be projected upon & screen or blank

wall for manual mescurement. Vertical displacements will be messured

Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7
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at horizontal displacements corvespording to time delsys caloulated
to correspond to selscted slent ranges which in turpn corrvespond to the
desired downlook sngles. The calidbration deta will then be used to
convert the peasured displecerments in distence units to voltages.
The median voltage retwrn for each downlook engle will be determined
Yor esch run. The expected downlook angular coverage is roughly 107
to 60°. The median velue is used instesd of the aversge at the
sugpestion of Wil. Finelly, the median voltasge returns will be used
to compute o the radar ares per unit of horizontal avea of terrain,
socording to the BRL formula
o Palhe) n**/FT Gt i
vhere B, received power
mean range Lo target area
Py transmitted (peak) power
3 antenna galn
varvalength

A approximate horizontal srea fyom which all observed cone
tributions to the echo came, f"§ will be caloulated direcetly from the
wadian volteme return. R will be obtained directly from the time de-
lmy of the return. Pnand wili be meseured directly in the preflight
walibrations. O bas been measured using the radar antonta and 2 pocks
up of the ajrcrsft on an antenns rangs. In calawlating A, an egquivale
ant rectanpilay beam pattern will be used having ¢ unifom two way
power pabtitarn equal in azimuth to the measared two way 3 4db besm
pattorn and determined in glevetion by the transmitted pulese width,
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2, ACTIVE SUBSYSTEM MECHAHIZATION ARD INTEGRATION

2.1 MECHANIZATION AND SEQUBNCE OF QPERATION

“he design of the sctive radar system is progressing along the
lines originally set forth in the proposal. friefly, the principles
erployed are as follows:

5 stable RBF frecuency is transnmitied Lrou ons arbenna which covers
the terrain of interest shead of the vehiele ground glutter snd ré-
turns from Fixed valocity and asccelsrating targels arve raceived on two
anbennas, relstive signal strength belng a function of thelr coverage
on each aide of the vehicle. dwo receiving chamnels are used, one for
left and one for right coverage. All returns not doppler ghifted by a
yoloeity greater than the vehlele veleeity will appear in the recelver
as part of the slutter returm. Un sach recolver there is a fixed fro-
quency single side clutter reject £1lter whieh will attermate this
aiutter about -«8{? db.

o techniques are available to keep the clutter positioned in
this Filter. First there ia avallsble the vehlcle veloeliy, therefore,
¢ho transnitied frequency may be adjusted In direct proportlons to this
veloeity to insurs the umwanted doppler return £alling within the rejeet
pand of the elutter filter, Although this is an open~icop technigue it
18 the one most oftem enployed, and has received rmost of the desigzn abt—

tantion o date,
In addition, clutter msy be slose-loop tracked by periodically

ghifting some of the clutter beyond the fllier reject region to develon
enouzh errer voltage to perzit closs edge tracking of the elutter re-

Ject ghiirt.
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This second technique will receive rore design attention in the comdng
aonths.

Any radar echo received which has a valocity cosponent toward the
spprosching vehicls will be doppler shifted in ewess of the clutter
doppler and therefore will contimue past lhe elubtter reject filier to
ihe filter bank. Foth fived velocity and accelerating targets are de-
Lected, ‘iiwav&r, only turgets aceelerating s eritical smount will adie
vance Lhrough the filter bank causing a second detection in {ilters
displaced 3% to T r:iit,er. widths higher in frequency then thelr loca-
tion on the Tirst dstection., The entirs date processing hardvare is
devoted to determining this eritiesl displacament for alternste “locls®
and ecousing a display of right or lelt alarm zone; concurrent with PTG
cessing sll dats to  reject all other radar eches nol &o shifted in
doppler frequancy.

2.1.1 Present Sveten He

“o befter illnstrate the areas of change between the proposed and
srasent blosk dizgrams, both are shown in Figures 2,1 and 2.2. In the
surrent bloek diagram ncte the following areas of change:

{a) Clutter rejection requires that the clutter doppler frequency
he mived with a variahle frequency to position the clutbter in the Iixed
Trequency filter. This tracking may be achieved by varying the IO fro-
quency, &9 proposed, or the HF as previcusly deseribed for the surrant
degign. Bither technicque is satisfastory.

{b) The clutter track loop 18 elosed after the third TF (tracking
the edge of the elutter filter) instead of through one of the filters In
the Pilter bank because the sawtoothing reduces the duty cyele of the

error voltage present in the filter bank, where as the clutter Ifrejquency
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1a wnalsturbed at the reject Iilter.

{¢)} The tronamiiter on-off Lime is determined by gating the
ghule ingtend of the FF amplifier, thereby sleminating high vollage,
high power, grid modulstion in the final arplifier,

{1) The IF frequencies were changed to keop PRF harmonics out w
af the passband.

() The level of jamsing interference is deternined by monlitor-
ing the third IF AGC whieh in turn is used to sontrol the systes ire- 1
quency diversity operatlion as discuased in a following paragraph.

{(#) An amplitude comparison eircuit has been added to prevent L
channel alsres for lavge signals in the following manner.

The dabs progessor scans oach filter bank to determins a lefi or
right sgimuth target. If the target echo were large encugh to be dg-
tected in both channels the proposed data processor would have made no
cholee betwsen left or right slarm. Therefore, the filter bank scan—
ning has besn re-designed to inhibit the alarm fyom the weaker channal.
Fipurs 2.3 sccompanies the following description ¢f this cireultl.

Saeh Pilter in the Lank is ron-destructively secarmed twice during
the detector-inteprator read out time. Iuring the first acan of all
40 filters the IR gate is present and esch filter in the left bank is
compared in weplitude with the corresponding #ilter in the right. This
Ffilter-hy-filter comparison results in » signsl output pulse cnly if the
ieft bank amplitude exceads the right. Hoth banks are seaymed eiml-
tLansously s second time only now a signsl output pulse is sent to the

centroid locator only if right bank amplitude exceads left.
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2.1.2 Fremueney Dversity and

Tefore veglining a discussion of the systen timing and sequance
ui operation it may be well io wiﬂtl out one area where present design
coes depart from the propossl.

“he propossl states, vwhen jun or interference 1o detected a seardh
mop oz glear chammel is made by the solector. If no ¢lear one is found
the sslector has mexory which piocks the frequency wnich pave the lowest
jovel of interference. Subsequently, a new search is wmade periodically
say once a minute, until a clear channel ls found®. the following tech-
nigque is now believed to be superior, and has been included in the
pmresent design.

Seven Lranenit frequencies; esch shifted about one megacyele, are
swaillabie. 7The systes will transmit on one frequency and PR¥ for ong
Siiter Lank integration time, thon move to the next frequency and PP
for the next integration time. It will continue to switeh between Lwo
Pufts as it alternately sanples esch available RF frequency. When the
slearest chanmel is located the systen will remain at that frequency tut
111 slbernately continue searching for = clear chammel. Hote that when
4 whitt (radar echo detected in the filter bank)} cceurs the systen holds
the same BF and PEF for the nmdt look perdod, Figures 2.4 and 2.5 1lins-
Lrate this sequence. Unly five [renuencles ars shown instead ol seven;
and the events are explained im zreater detall in the following paragraph.
2.1.3 Sequonce of Operstion

The previous section with Figures 2.4 and 2,5 has explained the
sequence of operation as a function of jJam and target detesction. Ihis
gection will provide additional detail. Flgure 2.6 will be nesded %o

follow such step.
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Yo hundred and ninety nilliseconds are provided for the radar

scho to be separsted in the filter bank, detected and integrated,

ifter this the filter bank is scamed. If no bit occurs the BF and PRF

npe gwitched and 50 nilliseconds are permitted for sysien transients io
sattle belors the AGS adjust pericd begins,

I one detector-integrstor hag a charge above the threshold level

5 *bidY 4a recorded inhibiting EF and FEF ewitching., After the AGO

voltare has adjueted the dats processor samples its presgnt value to

conpare it (using 12 step quantization) with the ACC value in the next
pariod,

AR At ] B rLcrroe ©oBey W o
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The tranamltter specifications and conflpurationsg have
changed to meet syatem apecificationsg and to reduce size
and waight. The original snd present general speciflcations
are listed below:
Table 2-1

Transmitter PFarameters

Original Fresent
£, 200 me 242,1 me
¥ o e y
LS 20 me 4+ 3 db 10 me 4 2 db
?gvg 1 lkw 2 kw
T 2 kw = K.2 kw
23
duty cyele 0.5 o 048
sldebands 85 db below carrier at 100 cps

Fipgure 2-7 shows & block dlagram of the present trans-
mititer configuration. It is planned to place all of these
units on 2 doubly meghaniecal iscolated platform because many
of the units will marginally meet the spurious sideband
requirements if subjected %o the fundamental structure
vibrations.

The Tundamentally 4ifficult areas werse investigated
first. These are:

L. 30 me crystal oscillator {(vibration)
2.  Teransmitter basic oscillator (vibration)

Transmitter solid state amplifler {oversll design)
B, PFinal amolifler (overall design & vibration)

B buplexer {high average opower & slgnal purlty)

00200260001-7

ey
d e

Approved For Release 2004

7



EGLGEQ 2001 Q Loxﬁ-mcc Swod | L7 u,‘.sm__u

‘ e
=
i M_ S
CYeLYYREY S
L -
Omﬁﬂw M
Q=
o
=
T &
YD § 334 ~
e YL -
i SST=AQNTS dWoE WAX TN %fé
«.l.ly\lei.m(,s}!lJ 1 ' m}r
AEFAW Noy ! ; e
...,..n.rr,.mu_,/,ovn_:m ! Loy >—on \ ‘1 | % e
v “ l._ o . o
- | OEEVY Yol | Taldy K / __ 2 - M i fyaaiwim Iw M,Mw‘_h:Im. m_
ARRINNOUA_ LY Y HALIAYD bl [\ L Llyo nosime — g ¢
! I\ : U
. _ At X _1. Mefux | R LZER T _ _ _\ RIS D_Jom*.l‘ L ISV He AI LW 4«1@*«
e —— L 5 - b - | M
Rkﬁu.»% COTAn LIPS e n ' ‘ .mﬂ %
I A m m - m )
i Lo m Vo . QgAY m e
- S - - i H S AERIR R i -—
o i SRR o
= i Yaioid o el =)
o | : * S
N | — 1 Oy ! i ANY o
bt . m iy 2y ﬂn.vé um* s
ALY TR0 | : :
m for sk m U304 bt i o
TYSBAYD _ | _ o
ﬁ S—— SO ] | Y
12 : - Y —_— “
= ' ; ! ! : o)
S ”_ YEW | e w
© PR, S— w 15! Podst °
(4] H 1 1 w >
> ! : o
(< : ek ats) | .
o 'S Eets Q
2 oy
Q - <
A E



Approved For Release 200408}

$rid

80045 %oggéﬁzsoom#

5, Hizh power limiter
7. High voltage ocower supnly

Items 1, 2 and 3 being solild siate, these units were
under taken by peraonnel askilled in s0lid state techniquse,
A peneral review of the speciflcations and thelr relation-
ship to previously known techniques was under tuken as a
study effort.

Items 4, 5 and 6 were reviewed and tentative gnecifli-
catlions written.

Ttem 7 was reviewed with the posslbility of reducing
welght and size.

Other unlits on the bloek dlagram were reviewed and
Found to be off the shelfl items with only a few modifications
nACAVBEALY ,

“e2.1  Crystal Oscillator Stability (Items 1 & 2)

T guestlon of short-term stability, in the form of ¥H
sldebands, 18 of prime importance in this vrojeet. The
initlal requirement is that PM sidebands should be 85 db down
at = vibration frequeney of 100 c¢ps or greater.,

The oscillatora selected are of the Plerce tvpe, using
ZW918 tranaistors in the grounded-camitter configuration with
feedback taken from the collector to the base.

It has been shown that a1l fundamental types of
ocpclllators have the same stubility, and that this stability
depends orimarily on the § of the resonator and on its
physleal stability. The resonator used in this case are

quartz AT-cut erystals, packaged in ruggedized cans. Two

RS T |

Approved For Release 20(14i08/28 : CIA-RDP67B00657R000200260001-7
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erystal nackages were evaluated, both developed by Bell

Taiephone Laboratories for gatellite use.l

The test arranzement used to measure the FM sidehands
1 shown on Tlgure 2-5. Two cscillators of identical design
are fed into a2 diode mixer and the oubput fed to an amplifier
with a 1 me ¢ t-off frequency, thereby eliminating the high-~
frequency mixing products. The 180 ke difference-fraquency
aignal goes Into the second 1.7, input of the LFE Stalo
Tester, and its output is inspected in 7-cyela strins by
the HF 302 wave analyzer. The output of the Stalo Tester
nad been previously callbrated for converalon of volts to
M deviation. The FM sidebands are then gilven by the formula:

N

(sideband in db) = 20 log,, __ A f

3
Egi 3

o
where: OF = PM deviation as measured on wave analyzer
£o= frequeney of disturbance (vibration or ripple)
NOTZ: Tn the case of the noise level & [ was multiplled by
JTO7 assuming the equi-partition of nolse.,

The oscillators were subjected to two kinds of stressess
vibration snd voltage supply variation. 1In the case of
vibration, the erystal packages by themselves waere cemented
dewn to @ small Calidyne shaker (2 1/2" dlameter) and commected
by short leads to the rest of .the oscillator strapped to the
nench above it. In the case of the crystal packaged in a TO-5

Header from Moniltor Products, no FM sidebands were found even

1. W. J. Spencer and ¥. L. Smith, “"Precision Quartz Crysbal
Controlled Oscillator for Severe Envirommental Condlitiona™,
progeedings of the 16th Annual Symposium on Frequency
control. op BOS-421, April 1962,

Approved For Release 2001/08/
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thouzh 1t was vibrated at levels as high as 10 g's in the

iuﬂvm

i

Approved For Release 26%‘@5@ % éla-R@F?

range from 100 e¢ps to 2 ke, (i.e, any sidebands that might
arigse were limited by the noilse level of the measurlng system.
on the other hand, a simple interchange of crystals showed
ihat sldebands could be easlly obtained from the physlically
jsrger Bliley crystal at 1 and 2 g's. Thus apparently ir

the smaii erystal in the T0-5 can is used, packagling problems
will be considerably reduced. Results of the vibration tests
are shown on {igure 2-9,

To introduce ripple into the voltage supply of the
pacillator, a filament transformer was inserted in the line
and a low frequercy sine wave generator connected to the oppusite
wirding. The results for thls test are shown on flgure 2-10,
The ripple amplitudes at which FM sidebands become undistin-
zuighable fron noise level have been indlicated at gevaral
noints on the noise-level curve.

2.2,2 Solid State Power Amnlifier (Item 3)

in the initial design vhase of the transmitter asttempts
were made to ourchase 2 solid-state power amplifier capable
of suoplying A to 10 watts of RF output power In the frequency
range of interest. However, due to the security requirements
of the contract, 1t was not posaible to obtain such a unit
from the existing supplier. A atudy was initlated Into the
design and construction of suech an amplifiler at Westinghouse.
2p1id-8tate high power VHF-UHF amplifler desipgn has been
investigated at the Surface Division in connection with a
communications tranamitter study contract., Discussions with

Approved For Release 2001/08/28 : CIA-RDP67B00857R000200260001-7
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the Surface Division have Indicated that 1t is posgihle
to obtain as much as 35 watta of RP power in a 15€ band-
width by combining the outoutas of eizht transistors., The
translstor used was the RCA 2N3375 which has & max imum
d1saipation of 11.6 watts at T =25°C ard 1s capable of pro-
dueling 2 minimum of 3 watts RF output power at 40D me with &
minimum of 3 db of gain., f&n amplifier with a minimum of 8
watts R¥ outoput will be constructed using the 2N337%
transistor. This unilt 1s ashown in Pipure 2-11, It consists
of 4 2H3375 transistors capable of dissipating 7.9 watts at
2 case temperature of A0°C. The driver amplifiier will have
a gain of 7 db and produce an output of 2.5 watts which will
he aplit equally between 3 nower amplifiers. The aplitting
and summing networks will have an ingsertion loss of 0.5 4b so
that the final output will be a minimum of & watts.

In addition a study in the areas of efficlency and size
is ﬁaing made as to the possible use of & ceramic tube ingtead
of the sovlid-atate amplifiler. This atudy will determine the

configuration of the power smolifier.

2.2.3 Pinal BF Amplifier {Item 4)

A Lentatlve specification was written and submitted to
elghteen (18) possible vendors., As of August 28 fifsteen (15)
have decided not to respond for varilous reasonsg. Two vendors
have responded with possible solutiona but additiongl study
and effort will be under taken to solve the oroblem. Those
companies which have submitted will be visited in an attempt

to evaluate their abllity to serformm the task.

Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7
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ﬁﬁaﬂ&ém'é%‘@ ;
The final power amplifiler will consist of two amplifier

stages within one package thus minimizing the intercomnectlng

hardware i.e. cooling, R.f. cables, etec. An analyasls of

vihration effects on coaxial cavities iz ¢alculated in section

2,.7.3%,1. These calculations would indicate that the problems
introduced by the vibeation level are surmountable,

The final AR.L amplifiler 1g a difficult task only when
the 8tabllity and power is designed into a unit of minimum
size and weight with muximun efficlency.

Work will be initiated to determine the exact values
of allowable power supply ripple to msintslin the apectrum
nurity .,

Ze2e3.1 Tuned-Line Deformation

In asddition to the FM sidebands that can be generated
at the STALS carrler oscillator, sidsbands could be generated
anywhere else in the system where reactances afe subject to
onie form of modulation or another., It was felt that the tuned-
line cavities Lo be used In conjJunctlon with the oulput
tetrodes could e 3 vnotentizl source of trouble, and there-
for the followling investipation was atiempted.

Thraee different types of line deformatlons wers investl-
rated: eccentricity, oblateness, and elongation., The FM
sidebands arising Trom an oblate deformation {by which the
cylindrical conductors are sguashed to an elliptilesl ecross~-
section) were found to be much smaller than those induced by
- eccentricity and elongation of the tuned line, and hence will

ot be treated here,

4

LRI
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Wi Lbiiile Biaoauhiiabiud
The formulas used in the treatment of the eccentric
deformation were obtained from a sclution of Laplace's
equation in bleylindrical coordinates.
After a lenghty and involved derivatlon, we Tind that

the following formulas aoplys

A8g 25 .
¢ da fR R S -
(rz f'. .,;bﬂ 77:;
and 1odn, 3

ks
Where 5 18 the center to center disclacement of the two cone
duetors and r; 4 the outalde radius of the lmner conduetor and |
v, the Iinside radius of the outer conductor.

Before continuing on the subject of deformations, & small
digresaion will be made 80 that some of the resulils can be
used later.

To gtudy the amplltude 5? the agidebands arlsing from
gmall deformations, a simplified representation of the oculput
of a UHP coaxial tube was used.

In shori, we Tind that the F¥ sidebands have an amplitude

of SIDEBAND = ¥ I8 la the maximum amplitude variation
el G 1s the conductance

relative to the carrier.

B in our case 18 composed of the ocutput earnacitive
suscevtance of the tetrode together with the inductive
sugscentance Introduced by the tuned line to cancel tube

canacitance.

1. 3ee F. YMoon and D, E. Spencer, "Fleld Theory for Enginsersg”
D, Van Nostrand Co. Inc., ?Piﬂ(@ﬁﬁn, Hew Jersey 1061,

Approved For Release 2001F 28 :"GIA? RDP67B00657R600200260001 7
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A3 an example, we shall conslider an eccentrie

deformation. If/x < 1.3 radians, then 29%x < g,
ST

and after several substltutions we {ind that
~ | 35AS 5(&3)2
Pl L AN 2 z 2N f;
- e AT (rz—rtf)\m%

The results for eccentric deformation are plotted in

fizure 2-12.,

To Investigate line elongation, by using

iR | C)i?;h
* ??t€~(9$
since . ‘
\_im\l 70 JﬁlmBK ad (7‘7’,\(“ . ?,,Bsec;zﬁ%
o o T
Therefore, 8=

T Z sin 23

Maing this formula, the sideband amplitudes were computed
and plotted on figure 2-13 for several values of the parane ter
Aax-. Notice that ir this graph Gm16“3 ®MHO. If G were let
egual to 10”& MHO, the sidelobes would be 20 4b high@f*

Z.2.4 Duplexer (Item 5)

Duplexers of this power level have been bullt with solid
state swltches but not specifically at this frequency. It is
most desirable to use 8011d state switches because of thelr
reliability, low weight and small transmisalon losses.

A tentative specifilcation was written on the duplexer
and submitted to eight probable vendors. Of these, four sub-~
mitted proposals to Westinghouse with detalled drawings.
Additlional evaluation will be made of each vendor and a final

detailed sneciflcation written In ecooperatlion with the selected

vendor .
e ﬁggroved For Release 2001/0
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The duplexer will have less than 0,15 d¢b losg in the
tpansmit mode, This would indicate a relative low power
1038 thus eliminating heat sinks, llquid and /or air cocling
and the many inherent related complications. Also the
diplexer will be gelf-gated, eliminating the nead for 2
video modulator.

An asdditional low level zabted switeh will be inserted
hetween the duplexer and the recelver to provide the required
1aolation to 1limit the peak R.f. level at the reaei#ar to 0.2
m1lliwatés. This unit is off the shelf except for compatible
connectors. The above limiter may be incorporated directly
into the duplexer configuretion to eliminate the losses in
interconnecting cables.

2.2.% High Power Limiter (Item 5)

Because of the proximity of the receive and trananit
antermas some 200 watis average will appear in the recelve
antenna during the transmitter "on” interval. A high power
1imiter and/or switch will be inserted in the recelve arm.

mlhig limiter will be self gating and require no coolant .,
The energy will be revlected out the Péﬂaiver antenna and Will
cange the receive antenna to appear a3 a sscondary transmit
antenna. The patterns in the antennas may require additionsl
study but this solution would reduce the problem of removing
some 250 watts of heat fros the limlter. The limited output
value will be 20 nilliwatt. Therefore an additional low
ievel gated switch will be incorporsted to reduce the level

at the receiver terminals to 0.2 milliwatis,
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A conventional three vchase full wave power supply may
e umed but all of the latest technlques will be used to
reduce welght,

This unit may welgh thirty five {35) pounds and have
300 watts internal loss. Therefore a study is under way to
raduece the welght. A small percentage gain will smave many
mmuﬁds* One direction of study 1a explained briefly.

The three phase primary power would be rectified
directly using SCR's (mllicon controlled rectifiers) which
would be operated in a phase controlled confipuration. This
would produece a highly efficient supply as there 18 no loss-
nrodueling serles or shunt d.c. regulator. The 220 volt out-
ot would be Ciltered with namsive devices and then “chopped
at the Radar Pulse Repititln Frequency. By chopping at the
VoiLF. the power supply riprle would colineide with the P.R.F. |
apectral lines thus reducing the requirements on the filtering
4% the chopped frequency.

The P.R.F. 18 relatively high o 7.0 ¥.C and a corres-
nonding voltage step up tranaformer will welsh much lean than
its 400 ecycle counterpart. This configuration shows promlse
of reducing the welight from 35 pounds to 15 pounds, The
difficult problem lies in maintaining efficlency ag the chopper
transistors do add considerable loss.

Yeatinghouse has ﬁaﬁmiﬁefable experience in the fleld of
bigh power, solid state, low frequency, s.c, power generation. g
This aspect will be studled and a decision made as to the
rower gsupply confilguration within the next wmonth.

-RDP67BQ0657R0Q

0200260001-7 4'
1] .

7
3

Approved For Release 2001/08/28: Clsz




Approved For Relea E ! E: % 00200260001-7
35 I 1R{ELY

,vas;
2.3 RECEIVER
2.3.1 Preselector (Pigure 2-14)

2.3.1.1 Cross Modulatlon

The proposed recelver was mechanized on the bagls that
interfering signals would be smaller than the clutter return.
Conventional transistorized front-end technigues could have
baen employed to minimize the cross modulation by interfering
aignals without sacrificing Noise Pigure, with interference
rreater than eclutter it is necessary to employ extraordinary
techniques to mest the requlrements,

A mathematlcal theory isg beling developed to oredict the
wanlitude of eross-modulation products resulting from off-
band signals mixing with clutter components and /or with a
loecsl eoscillator. 3o far this theory reveals that the most
damaging set of c¢ross products results from even order cross
modulation. Thie clearly indicates the use of push-pull
amplifiers and balanced mizers and gateswhere interference
signal levels would he highest (e.pz. Pirst Mizer, rost-
Amplifier, Snuffer, and Pirst IF Amplifier). Hot carriler
dlodes were selected for the mixer because they have inherently
geod balance. It is then necessary to have a {llter ahead of
the high level stages to reduce the level of the interference
which would produce odd order cross modulation. This filter
must also provide some atternuation to the interference which
would produce even-order cross modulation gince the push-
oull amplifiers and balanced mixers can be only counted on

for a limited amount of common mode distortion suppression.
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With the tranamit frequency at one end of the band,
slgnificant cross products can be produced by  interference
at the other end of the band. Therefore, 1t 18 necessary
to tune the filter. when the interfering CV alpgnal is less
than -32 dbm ¢ross modulation oroduct should not exceed the
aoigse in a doppler bandwidth, Preliminary studies indlcate
that this requirement can be met with a two position tuned
ilter, or with btwo separate filters as 1llustrated in
figure 2-14., The feasibillity of making this filter tunable
is under study, and the mechanization willl be changed if at
211 possible. This would save the hardware which presently
mugt be duplicated Lor the high and low channels. The
filters should nrovide reascnably conatant time delay over
thelr passband to guarantee fasgt recovery froam the various
freguency transmitter pulses, [see [igure 2-15),

Further advantage 1s taken of the reasonably conatant
time delay by putting 120° shage reversal in one of the
cart amplifiers so that the transmitter leakthru oulses will
tend to cancel out.

It should be noted that the preampliifler is not as
senalitive as the above to cross modulation since a large L.O.
signal 1s not present, and since the interference and clutter
are at lower levelsa., Some filtering ls requiraﬁ, but this
is nrovided by the antenna bandwidth.

Ze3.1.2 Intermodulation

The Intermedulation problem is moat severe at the mlxers,

since here the signal levels are the highesat. Any attempt to

Approved For Release 2001/08/28 : CJA-RDP67B00657R000200260001-7
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linearize the mixers by using feedback resulis in greater
converalon losa, which degrades nolse figure., This oroblem

is made even more asvere due to the anticipated broad band-~
width over which the clutter =mplitude iz maximum. Preliminary
calculations Indicate that maximum oeak ¢lutbter levels in one
doppler bandwidth result in intermodulation comparable to
nolne,

If increased clutter levels have to be handled or A
final caleulationsa reveal problems, thes phase cancellation
mixers would have to be used. {l.e three double balanced
nixers spoced at 1207).

Teat methods have been devised to measure the small :
intermodulation vroduct amplitudes. The measurements require
20 dbh more dynamic range than those performed In the nast.

A speclal low noise measvrement receiver haz been procured
for these measurements.

2.3.1.3 Noise Figure

The overall nolise fipure is to be 3 db and the nolse
fizure of the first amplifier stage should be in the area
of 2,5 db, The transistor selected for the first stage is
the 2N2867. Available information indicstes that with
optimum source impedante and collector current thie transistor
may be sultable., An emitter coupled amplifler has been chosen
because 1t will have a larger linear dynasic range and thus | |
produce smaller intermodulation products. A measurement setb
up is belng prepared for the purrpose of determining the nolse

figure and the optimum source impedance and collector current.

Approved For Release 2001/08/28': CIA-RDP67B00657R000200260001-7

,L» i




Approved For Releasé@gﬁgﬁé %mﬂ?{ﬁ*é t

; Eg%ﬁozoozsooow
{ i1

If measurements indlcate that the 2N2E57 will not meet the

neise Tigure requirement then the more exnensive TIXIME
can he used,. The informatlon on this transistor indicates
that the 2.5 4db nolse {igure definitely can be obiained,

It is sntlieclpated that the hot carrier dicde bLalanced
mixers wlll have low converslion loms and 2xoess noise ratlo
dus Lo the low knee of the dicdes arnd the elimination of
charge storuge. Tests arve In process to determine the mizer
performance, L,.0, Noise is controlled to keep the degradation
of noise figure to a minimun,

After the post-amplifier the noise contributions become
iess significant to the over-all nolise Tigure, and so no
particular problems are anticipated,

2.3.2 3econd IF Converter (Figure 2-18)

The effect of interfering signals lying very slose to
our pagaband would ordinarilly be very slight. However, if
& conventlonal sguare Bang-Snuffer is used, the interfering
gisnal spectrum would be spresd so that energy is at
frequencies apaced at multinles of the prf. with large
interfering signal levels these sidebands would excessively
desrade system performance. Tharefore the Bang-Snuffer is
deslened to have smoothly changing on and off characteristics,
The "Sloughing Snuffers’ keep the sidebands of interfering
signals below nolse if thelr edges have a transition shaped
a8 a sing function, changing fron on to off 1n more than 4,24,
It 1s necessary to clamp the control voliage to a fixed value
in the ON or OFF positions go that power supoly ripple will not

modulate gignal or leskbthru.
Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7
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2.3.3 Main IF Amplifier and Converter (Figure 2-17)

The gecond and third IF now contain an AGC loop.
It is anticipated that the algnal and the clutter lynamle
ranzes would be greater than those anticipated in the
mroposal, and the AQC will enable the recelver to funectlon
gatisfuctorily over these runges.

The bloek dlagram of figure 2-16 shows that sach
receiver (left and right) has two IF anplifiers, one to
drive the clubter tragker zand one to drive the donpler
filter bank. Although the amplifiers are id#nﬁical, they
apre separate because 1t iz anticinated that the AGC require-
aents for the twoe funections will be different.

reliminary studles of this section of the recelver
showed that 110 db of gain with 20 4b of AGC ranpe would be
reguired. Becsuge of the diffliculiy of controlling the galn
of higher power smplifiers, 1t was chosen to control only the
firgt atages, leaving the last higher level stages uncontrolled,
Methods of varylng the gain of the low level stages without
srceeding the intermodulation requirements are under Investi-
zation, Intermodulation requirements are not as severe in
this part of the receiver because the large clutter signals
are not present. With maximunm emtgutAthe third order inter-
modulation products should be at least 50 db below the desired
output signal with the amplifier at full gain, dbut these pro-
duets may increase siowly aé galn contrel is soplled.

In mechanization of a 70 db "jump snuffer” (transient

rpate), & balanced configuration 1z used to assure that the

Approved For Release 20({1?@ @260001-7
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transient produced by the gate itself will not seriously
affect the asyatem,

The AGC loop uses a delay (level threshold) and a time
gample~memory feature, The ”aamgle«atcr&“ funetion is im-
slemented by an AGC detector having two different time constants
which are switched by a "sample-store™ gate pulge which is
originated In another part of the aystem,

Because of the potential size and reliabllity advantage
of integrated cirecuitry, use of Westinghouse funetlonal blocks
is being considered for most of the functions in this section
of the recelver. Preliminary eircuits have been designed and
conatructed for many of the stages and experimenta have

demonstrated the feasibllity of this approach. Detalled deaiegn

18 proceeding and a preliminary concept has been reached,
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2.4 DATA PROCESSOR
The Data Processor asrves ns systen eperation sequencer as well

as parforuing specific Munetional operations,

2.4.1

systes operation sequencing is showm in flow chart fornm in PMlaoure
2~18. All decisions, indleated by rounded blocks, are sxecuted in the
dats processor. Elapsad time of operational cycles is determined by
vlocks indicated with an asterisk. Note that proceasing of threshold
detections for target recognition proceeds simultanscusly with scanning
of the filter bank snd does not impose & requirement on oyole time. The
symbols n and x represent flip flcps.
2.4+1.1 Dats Progessor Functional Operations

Fanctional operations performed by the Data Processor are described
with reference to the functional bloek diagram shown in Pigure 2-19.

2.4.3.1.1 Timing Signals
The Central {lock Cenerator accepls the cutput of a stable erystal
controlled oseillator and generates various subharsonics of the eyystal
frequency through a binary counting process. Varlous states of the
counters are decoded for use as timing signals.
4 set of four pulses iz pent to the P subsyeten for each #F pulse
tronsuitted., Zither of two repetition rates are selected for this set
of palwes, One of the four pulses at the lower repetition rate is also
sent to the filter bank to control events during the integration period.
inother set of pulses synchronize the filter bank interrogator with !
the cehtroiding register, the data register, and the dats comparators.
Other clock pulses ure provided in too great profusion to be shown in
Figure 2-19, |

Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7



m:cwusvjfmuﬁ SOIBL@LO rﬁo+wﬁm Q-2 Wujnu).,u .

©200260001-7

3N REREERN

~

o

S

S

o

N

o

S

N

o

S

S

0=® 43S - Z
. 0
S

@

x

:
alS] -l o N

e A T 3 b8 B A, S A St b (e o = L5 0 MW WM
SN ey

Tdd oees
< 2 ) T =IA

a L vh.ﬁi S|

Vs
NS e PP 2000
3 o}

!

A

1]

>

7
w

2]

Approved For Release 2001/08/28 :

Approved For Release
1
i
>




Approved For Release 200

2ol 1.2
As indicated Iin Figure 2-18, the BI' is periodically swiltched and

ths resulting AGC voltage is compared with that obtained by use of the
previously selected RF. The AGC processcer converts the anslog AGC
voliage to digital form and compares it with the s‘bowd value from the
pravious sample. The AF selector contains two registers which retsin
identities of the currently selected RF and the next to be sslested BF,
The identity of the currently selected EF is transmitted to the ¥ sub-
oystem on a ®one-hol” line basie. The same Information is transmitted
to the Veloelty Mulbtiplier Amplifier gain switches on s "one-hot¥ line
basis,

2&2}-1515_3 mﬁ e

Daring i‘ﬂtaﬁ bank interrogation periods the centroiding register
receives threshold detectlons and sounts the mumber of such detections
which are derived from successive filter positions in the filter bank.
dhen a wise osours after a string of threshold detections, a "1* is set
into & bit position in one of the data registers which corresponds to
the valus of the count in the centrolding register. The centroiding
rogister 1s reset to zers aad eourding will resume with the next thres—
hold detection. The bits in the data register are shifted in eynchron-
ization with the f4lter bank sean., Hence, at the end of filter bank in-
terrogation, the pattern of "1's” in the data reglster repressnts the
centroided values of the strings of threshold detections from the filter
bank.

Ths centroiding reglster will recycls and set data at o prescribed
maximen eount 1f the musber of threshold detections in a string excesds
the prescribed msximum munber, ’

Approved For Release 200110. 28 CIA-RDP67BO()657R0 0260001-7
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Operation of the Data Register 3elector (DES) and Hit Debector (HD)
can be readily understood by assuming that the first threshold detection
from the filter bank was obtained on the Nth interrogation. On all pre-
vious eycles, both PRF and BF were switched each ¢ yele as  ndicated in
fignre 2-18. Also, the DRES had selacted data reglaters L () and R (8)
to receive centroided valuea soch oycle.

Un the Hth oyele, at least one threshold detestion was received and
ihe centrolded values(s) stored in L () or B(¥). Ths Hit Detector then
causes the DES to select L ( + 1) and R (M + 1) to receivs data during |
the next filter bank interrogation. Simultaneously, switching of RF and |
PAF is inhibited. At the end of the (N + 1)st eyele, the DAS reverts to
selection of L (N} and & (¥) for the (N + 2)nd cyele and both PEF and RY
are switched,

Centroi iing results in quantigation units helf as largs as those
of the noncentrolded data, hence the registers I (¥) and B (¥), which
store data for one system cycle, consists of approxinately twice as
vany £1ip flops a8 there are filter positions in the Pilter bank., The
lengths of L (¥ + 1) and & (N + 1) are determined by data processing
oriteria rather than storage recuirsments since data processing proceeds
similtaneously with the (i + 1)st scan of the filter bank, L (¥ + 1)
and & (R + 1) sonsist of approximately one third as many £flip flops as
L {8) snd B (N).

Each comparator cireuit (left and right) consiets of a number of
logic gates intercommected in such a way as to detect certain preseribed
bit patterns as the contents of the register L () and L (§ + 1) [or
R (W) and R (8 + 1)_/ are shifted psst. Target detestion criteria are
shown in Flaore 2-20,

Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7
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Tarret Criteria
A B C D Target
G X X X No -
1 X 0 X No
1 0 1 0 Yes
1 0 1 1 Yes
1 1 1 0 Yes
1 1 1 1 - No¥*

* No only if the ¥l" in D bears a specific relationship to the "1lw
in C. Thus, for a "1" in position z in C the specific relationship
would be satisfied by a "1¥ in D only if it were in one of the pos-

itions indicated by the symbol y.
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2eleledady  Alarm
In the event that elther comparator or both detects a preserdbed |

bit patiern, the alarm circuliry will be sctivated. If both left and
right alarms are setivated zs the result of the same filber bank in-
torrogation both slarm lights will be turned on and an audio tone will
ba penerated in the earphones of the crew for a pericd of 30 sesconds,
If only one alarm is activated the corresponding light and the audio
tone will be turmed on but the other slarm will be inhibited for the
20 seconds duration of the first alaim.

the block of Plgure 2-19 lobeled Alars contains the 30 second timer
and the irhibit eireultry, DBox 3 contains the audio signal generator
and elreultry for conversion of signal level from that of the systen to
that of the vehicle,
Control (VHAC)
he VHAC acespls velocity from a doppler navigation eguipnent in

Lebpaledes

the form of a 12 bit binary word transmitted in saris) with the most
significant bit first. Ones and seroes are represented by positive pulses
on separate lines. FPositive pulses aimlianscusly on both lines in the
13th bit position indicate end of transmission. Doth pilse amplitude

and pulse width are converted to values compatible with systen mechan
ization,

In sddition to the signal conversion cireultry, the VHAC contains
three 12 bit registers, » 12 bit D/A converter, and some miscellaneous
logie. (ne 12 bit register receives the converted dats from the navi-
fabion equlpment. A second 12 bit register holds the digital vslue for
conversion. The third 12 bit reglster serves as an exchange umediunm
betwaen the firdt two. Navigation data is transferred to the exchange

Approved For Release 2001/08/28 : GIA-RDP67B00657R000200260001-7
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register by the end of transmiesion signal. New data is entered into
the holding register only at time of AF switching in order to not put
{ronsients into the system. The siscellansous logle ssgures that both
transfers do ot occur simultanecusly.

Zedpald

The Uata Processor will be mechanizmed utilizming Integrsted Clroults
paskaped in T0-5 12 pin eans mounted on double sided printed cireuit
bogrds. The bosrds will be special purpose in order to incresse the
packaging density.
2.4.2.1 GCircylts

Hieroelectronic Intesrated Cireuits (MIC) are utilized wherever
possible. UTL type HIC blogks were selected and ave lurnished by Yesi-
inghouse Moleculsr Electronics Divis ion. The HIC blocks used are
WHZI3T, WHR01T, WHMRllT, WM210T, %,M‘i’. The Data Processor uses approx-
imntely 500 12.-pin cane of HIC sclrouits in sdditlon to the conventionsl
components used in the 12-bit D4 eonverter and the 4~bit &/D converter.
2.4.2.2 Packaging

The Data Progessor will be packaged by uwtilizing ten different types
of printed cireult boards containing an average of 45 cans per board.
The block dagram, Flgure 2«19, is divided into bosrds as ghown in Table

A2,
2.4.3 FProgress to Date
ke Sybsyeten Deaign 90% ecorplete
Ha Isngle Dealgn 90% complete
G. layout completed Lor five of the ten types of oards
.  Taping of one board ccorplete |
B. Subaystem test tool designed and belng {abricated.

" Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7
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F. 411 parts erdered for breadboard
3. 50% of integrated elreuits for breadboard recelwed and tested.

Table 22

1 kP Selector, Alsra Cireuitry

2 bLats Regleters

3 Data Replsters

b Dnta Frocessor

5 AGC Processor, HF idvance, EF Selset,
PiiF Select

i Central Cleck Cenerator

T iate Beglstsr Selsctor, Hit Detecter,
RGS Process Control

# Centroiding Regieter

g Veloeity Multipller Amplifier (VIA}

10 Via Df& Converter

N
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2.5 CLUITER TRACKER ARD VIDEC CIRCUITS

2.5%.1 Clutter Tracker lﬁ@h&n&mﬁia&

Phe clutter tracker mechaniszation is proceeding substantlally ae
planned in the proposal, The only changes of signiricance are
1) the digital veloclity information-to-anelog voltage for the clutter
track oseillator, 2) the clutter track cscillator, 3) all frequencies
and &) various gating circuits. In addition, the exsct specification
af the clutter track audio aspliifier will not be known until a vetier
model of the clutter is avallable as an outgrowth of the Llight tests
in progress.

2.5.2 Clutter Tracker-Navigator Interface

In the proposal, the interiace betwsen the extermal doppler navi-
snbor and the clutter track VCX0 was a stepping notor controlled by
four wires from the doppler navigator. The steppling motor was wmechani-
cally connected to a potentiometer which wes supplied with & D.C.
voltage proportional to the trernsmitier freguency. 3Such o mechanizatlon
produces a D.C. voltage on the potentiometer ara proportionsl o true
doppler to control the clutter track VCXO,

Subseguently, it bhas been determined that changes ln the veloclty
inforsation from the doppler mevigator cccur in real time; this
conflicts with the sysiem reguirement thai oselillstor frequencies change
only in a particuler time slot set aside for PRP and frequency changes.
It 15 wizso desirsble from a rellability atandpoint to have an all
glecironic lnterface.

The interiace hes therefore teen changed to & gated diglitel-

anmlog converter suppiled by a 12 it serial veloclity word as desceribed
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in the dats processor section of this report. The amiog volisge 1s fed
Wy an operatiomel asplifier, the velocity maltiplier, with feedback
controlled by the same lines which select the transmiiter oscillavor
fregquencies . Thus, the output of the velocity sultipiler is eguivalient
L0 the volisge at the arm of the potentiometer in the originel mechmndze-
tion with the important excepsion that it is now baffered frow
asnaynchronlzed changes in veloelity dats.

¢.5.3 Velocity Track VCXO

The mechanization of the wvelocity track VCXO is the most difficuls
part of the clutter treck eircuits vecause of slmulitareous requlresants
G linsaricy over s vide range, stabllity. spactral puriiy. and
vitration input. The sechanization ln the proposal obiaimed an output
around 187 KC by beating & mﬁ and 5 fixed omeilistor in the 1 me
range, Revised systen requirements have changsd the clutter truck
YCXO output to around 975 KO, with the deviation remsining 1.6 .

A number of mechanizations are possible:

l. Dirvect gemeration
a. Open loop VCXO at 97% KC
b Frequency track loop
¢, Dlgitel econtrol by selection of capacitors., eto,
d. BSeveral open loop VCXQ's in 979 KC range

#. Heterodyne generation
a. VOID and fixed oscillator in 15-20 we range.
B, Audio VOO and fixed oscillator in 975 KE THRUR .

Detailsd specifiications for thls VOXO have been subnitted o several
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suppilers, It is intended to seiect one externsl supplier and carry

i 1v_3§00260001-7

% back-up program st Westinghouse using s different approuch.

Method Za appesred to be the best cholce and o 20 wme VOXO wasz
bullt having the required lirearity; howvever, with the VCXO in a
Statbam Chamber for teuperature controul, the long term stabllity was
inadeguate, Tests have been dlscontipued on this oseillator until a
choice of extermal supplier bas "f.uwn rade ; and the present ellort is
toward perfectling a noise messurement technigue a0 mm;‘ date can be
ovtaired on spectral purity (pariiculariy) iz the vibration esviroument .

2.5.4 Velocity Mulviplier

The veiocity sultipiler and swwation anplifiers have been designed
and yrelimivary tests mede., The jrecision reslistors have been ordered
and fipal tests will be made vhen the resistors are received.

2.%.5 Scan VCXO

The scan VX0 specification hss been submitied to several suppliers.
This unit is within the state-of-art and no problem is anticipated In
oitaining it; as & purchased pert.

Ze9.6  Fixed Oseillator

The 975.% KO fixed oscillator specification has been submitted o
several suppilers, snd a design bas bsen tested at Westinghouse. Ho
problen is antlcipeted; the oselillator will be purchased extermalily 17
the coal is atitractive,

237 Bixers

Freliminary desizns exist on the wixers. A palancved transformer is

o be selected tefore vreadboards are btullt. Work on the varicus filters

hus been deferrved.

MR TERRRmO R

Pl it

Approved For Release 200 108/28.: C’IAQRDP

67B00657R00020H



Approved For Release 2001/08/28 CIA- RDP67800657R000200260001 -7

2.5.0 Clutter dpectrum

3Jome calculations have been made to estaclish the audlo aumplifier,
vreck detector and ictegrator requirewe.ts. These calewlations, mased
on idealized clutter spectrum and the proposed clutter Tilter response
shapes did not yleld sdequate Lntormatlon O complete the design. Therefore,
when currvent studies, including fiight tests, yleld a more accurate
model of clutter, the deslgv will be resumed.

2.5.9 Gating Clrcults

The gatiag circuits for the third IF sectlon of the recelver have
neen desigoed and tested, The board coptaining these circuits ig in
dratiing. Gating circuit designe for the front end of the receiver
and for the transmiviter exist but are expected to change from time b0

tine as the Tigal Fforw of the receiver and transmitter deelgn evoLves.,
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2.6 IOV VOLTAGE FOWER SUPPLIBS AND OPECTAL TEST BQUIPHMENT

2.6.1 Jov Voltaze Power Gupplies

2.6.1.1 Design Changes Since Proposal

The baslc acheme of low-voltage d-¢ power dlstribution hes bhedn
vevised, Instead of having the wwregniated power puppliss in one
iocation with imdividual voltage regulators located in emch unit, all
of the voltage regulstors (with one exception) will be located on ithe
sone pellet as the unregulated sources. This revision was made vecause
# total of 8 different voltages will he distributed to the variocus
unite over 2L different lines, there belng wmultiple ugers of moat of
the volteges. Thus, with the present asrrangesent. only ¥ ssparate
regulators are mqw[md vheress 21 separsie regulstors would have been
regquired for the original scheme. ﬁ

The basic principle that is belnz folliowed in the d-¢ vower distri-
migtion aysten is thet esch voltagze source will be connected 4o each
unit by a separate palr of lines,. one of vhich will be the ground return.
These lines will be shielded, twigted pairs with the shileld comnmected
to the unlt chassis ground at one end and to the power supply chassis
ground at the othey esnd. Both power supply terminals will be isolsted
from the power supply chassis., The comeon, or ground retursn, Lime will
be firaly grounded at the unlt by connection to the ehassis groond of
that unit. ‘Thie principle is illuatrated by the bWlook diagrams,
Yiguwres 2-2) and 2-2., It 18 believed that this method will reduce
erosstalk and stray plekup on power lines 40 & negliglble lsvel.

The ong gxception to the regulator location arrangewmant is the

data praocessing wnlt. The regulator for this widt will be located

e,
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within the unlt itself, thereby elimimating rediation from pover

lipes carrylng pulse currents that are typleally found in digival

equipagnt.
2.6.1.2 Description end Characteristics

A completely separate power supply. consisting of a transforser.
rectifiers, and & regulator has Leen designed for the sole purpcse of
providiong d-o power for the crystal ovens. The rimary a-¢ lnput Lo
this supply is the 3-phase a-¢ line, so that thie supply will be
energlzed whensver the a-~c power is present, This will persit oven
warn-up suiTiclently in edvance of actual system operation.

AL the preseant iime, the intentlon is to use no passive iltering
etween the rectlifisrs and the regulator inputs {other thun transient
voltage spike suppressors). The voltage regulstors designed for this
syslenm have greater thar 30 4b of ripple suppression over the frequency
range of interest. The regulators thesselves will therefore be used
to provide active ripple filtering. In this manner. ¢ filter choke
coils will be elimimated, resulting in a very consideravle reduction
of power supply sive and welght.

'.i.”‘im regulators will provide better than #0.2% voltage regulation
over the full range of load currents, temperature. and norsal input
valtage specliied. They will be cowpletely coverload and short-oircuit
proof, with operation in the overload rezion bewtween Pull-load current
and short-cireult clearly defined as to output current, voltage, and
element dissipation for all values of load resistance down to zero ohms.
All overloads can be sustained indefinitely with no damage to the regula-

tors. Output voltage recovery after an overload is conpletely sutomilc,

%
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and reguires approvimately 20 milliizeconds. Bach regulator will be

deslgned 1or a speclific value of full load current; any reduction in

lond resistance beyond this point will result in e reduction of hoth

ioad voltage and losd current., Consideration hes also been given to

the possible large input overveltage transients that could occur. IF

such & ransient occurs, a circult wiil reduce the regulator output

current o zero for the duration of the time that the input volisge is

ahove & given level. This level will of course be apprecisbly shove

the normal operating range of input veltsges, 1

2.6.1.% Present Status of Low Voltage Powsy Supplies

The basic clreultry to be uased in all of the voltage regulaiors
has been developed, and preliminury tests heve been made. The
component layout for the prototype regulator boards is meerly complete.
One of these prototype bomrds will be constructed within & week, and
aore detailed tests of the eircalt will be started at that time.
Iaformation on the low-voltage pover supply trunsforser reguirenenis
ia expected to be cozplete within one week, at which time the trana-
former designs ¢an be started,

2.6.2 Specisl Test Equipment

4 study has begun o deteralne the detailed aysten reguircsents
of the speclsl test equipment, No detailsd design work on this

eguipment has been ande to date.

R ORI R ; .
f ! L jrd
i ¥ i N |
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200 FIIIER BARK AND INTERNOGATOR
The present concept of the filter bamnk reflects some changes ;
from the ordiginelly propoi€dd system. These changes have resulted
sfter further studles of system requiressnts. ¥Work is currently
progreasing in the design phase as well as laborstory investigation
ui special techniques in the plammed mechanimstion, Different pack~
sging vhilosophies are belnpy evilusted to arrive at the best nechane
jeal configuration. Approximately 807 of the signals at the filter
bank interfaces are conpletely Jdefinsd,
The devistionz from the proposed aystesn are cateporized below
according to functional requireents of the signal processing equip-
ek,

2.7.1 GChannelizmation of the Doppler Spectrum

The nuaber of discrate frescuency detectinn channels fur each of

the twe filter banks (Qefl and right banks) is now established at 40
instead of the Gﬂéﬁiﬂtﬂiﬁ{ proposed 25. (marty crystsl resonators will
be used in a Je-pole filter having Matterworth characteristics. The 3-
mole *shared" technique inwolves the sharing of two of the three crys-
tals par channel with the two adjscent chawmels. The bandwidtk ab
crosgover of adiagent flliers is nuw 14 cops, and the 3 b bandeidih is
1G.2 cps. The filter was initially proposed as & 2-pole filter having
5 3 db bandwidbth of 20 eps. The change to 3-pole filters provides
graester resclution of targPis due to steeper skirts of the attemiation-
Ifroquency regponge.

& specifications has been written for the crysials and a purchase

crder has been placed for crystals to be used in the breadboard ®ysten.
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quency detection channel includes amplification of the ilter output Lo
obbtdn a signal commensurate with detectlon requirements and the sub-
asouent envelope detection performed by an anplifier and detector in
saeh channel, A diffevent philosopy has heen adapted in this systen
whorein the rilter cutputs ani post-detscilon integrator inputs of sach
channel are ruitipleed to u single aswplifier and detestor per bank, |
The sdvantagzes of a mlliplexed system are primarily improved tracking
stability fron channel to channel and fewer adjustrments necassary. 4
tpade-cfT of linesr network elaments ie a stondard approach for switche-
ing slements in the multiplexing scheume and way be considered as an
sdvantage bocause ¢f redused power consurption and lower couponeni sonnt.
The bandwidth of the filter and nurber of chamnels invelved aske the
miltiplexing technique feasible. According to sampling theory, Lhe
cdmiemn rate of sampling a sigsl to insure recovery of ihe unsampled
information without distortinn is twice the highest signal frosusncy
in the sampled information. For a 3 db bandwidth of 16.2 ops the
asapling frequency should be al laast (2} (16.2) = 32.4 cps. 4 Sanp-
1ing rate of 75.7 cps will be erployed for the mltipleced filter bank.
‘The post-destection integration funcliion is being mechanized with
» cepanitor whish will act as an ideal sntegrater exsept for pegligible
effects of eapacitor leadkage. The effaetim}y ideal Inteprator lo
bamed on use of a detector cubput stage which fumetlons as » current
gouree. Ihis technicque is fesaible sinee the integrator will be “chpped?
or digcharpged and elampad afber interrogation of the integrator follow-
ing each integrstion pericd. The integration time is 290 nmilliscconds,
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46 compared with the initially proposed 1/3 second.

“he aplifier of the multiplexed frequency detection chammels
will have an AGC loop to provide 10 db, =30 db, of gain cuntrol. This
range of pain control is reguired to maintaln a constant sverage ncise
level ab the amplifier oubtput, The average noise input to the filter
pank from the third IF will not be gonstant bec muse of the "mewory® ALC
technicgues eploved in the third IF. The conirel of the AGC amplifier
ls sehileved by use of a reference chonnel which zoungiste of & wide band-
nags Filter mltiplexed to the awlifier smd detector utilimed hy the
40 norsal charmels. The detected oulput of this channel, after filter-
Ing with a low-pass filter which has a response commensurete with thatl
i a 3epole band-pass filter, is used as the &GC sigrmal for the ampll-
Fier. 'The AGC ampiifier will have an instantsneous dynamie range of
23 db to handle slgnals and noise oulses.
2473

The sequential readout of the post-detection integrators will be
seeonplished with an slectronie scamning devise, Freaent plans are
to use s mygnetic cure-transistor scanner since this type of sechanize-~
tion is wwst conpatlible with the multliplexed filter bank 8§sten. The
magnetic core scanner particularly sfbiasfies the requirensnt of isols-
ted control eignals for bilater:)l switches erployedin the mltiplexing
sehane, The news of a recent roleasse of specifications on o fleld
effoct transisbor that has s sismmificantly fmproved satMrated voltage

drop charscteristic will bs investigated within the next reperting
nerieg, Uitisstely this type of device is highly desirsble sz a re-

placemant of the chopper transistors wed as switching elewents, since
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an lsolated control signsl is not required and s miercelectronic

acanner then becomnss pore sdvantageous.

ihe interrvgation process will be carried out by the scanner st
@ 54,52 ke rate (22.5 usec/step). Ioth left and risht banks will be
scamned twlce, position for position, so that a relative comparison
T3y e made of the cutputs of ecorresponding channels. In the first
interregating acan of the most-detestion integrstors decisions nre
vade regarding the presence or absence of a target in the laft azmk.
‘he second interrogating sesn provides the sane infomation for the
right bank., The desisions sbout targets are preponted to the Usta
Processor wnit for further processing,

The sampling of #igmal information will be rwchanized using the
Sarf BQanner a8 ueed farv_ﬁntarmg:atian, axcept that the scamming rate
will be 6,36 ke, This tinme-sharing festure reduces owersll systen
hardware. The logie and contrel cireuits of the filter bank will be

- nechanized o a larze extent with microslectronic eireuits.
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2.8 ACTIVE SUBSYSTEM PLANS FOR NEXT REFORTING PERICD

Uuring the next wonth grest stress will be placed on complebing
sll long lead item specifications and placing firm orders for all come
popenbs for the first enginmring model. Plans for systen testing and
any special test equipment required will be given the Mll attention
of our systen analysis and integration group this month,

done of the hardware cheek points we expect to pass are:

{2} Start layout of all boards for enginesring rodel.

{(b) Start layout of model pallets.

(¢} Start building boards for ~emgineering models.
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3. ANTENNA SUBSYSTEM
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3.1 ANALYSIS AND MODEL STUDY

3.1.1 Analysis

A previous sectlon has discuassed the trade-offs
obtainable in the symetrical vs. the asymetrical antenna
arrangement, As an independent checl, because thils work is
rather tedious and subject to error, the antenna coverage
was run on a digital computer. The results of the two
aoproaches are in close agreement, showlng that the designed
coversge 1s obtalned more easily with the .5 . asymetrical
gpacing and the ambiguity problem ls greatly minimized.

3.1.2 Model Study - Traveling Wave Antenna

The ground illumination requires two line sources of
about 18 ft. length on the under side of the vehlcle. This
can be accomplished with a traveling wave antenna as well as
the disecrete reaonant slot element antenna that wiil be dis-
cussed in the following section. As of this time, the choice
has not yet been made as to which of the two will be finally
wsed. The sdvantage of the traveling wave antenna is in relative
simplicity, low welght and posaibly in bandwidth, while the'
discrete element antenna 1s more conventiornal, and hence is a
sure approach.

The antenna being developed is a TEM wave excited slot
33 in the accompanying figure 3-1. Like the jumped element
model, the width is greatly restricted by space avallable,
making the slots far from resonant., There are 40 slots per
wavelength, which are tightly coupled to the total line
current making it possible to get a reasonable radiation per

wappkevatitFor Release 2001/08/28 : CIA-RDP67B00657R000200260001-7

i : )
e




a

e e et B

Approvéd For Release 2001[08/2$ : CIA-'RD

P

67800

fa g T

657R800

4
f!
i

R T

200260001-7

Approved For Releas/e‘ 2001/08/28 : CIA-RDP67B00657R000200260001-7



. :
Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7

The wave velocity ziving a beum as required at 3&0
from enifire is 115% of free space, This fast wave is
achieved by a ,010" cut through the ladder between each
shxth gap, providing serles capacity in the line. {See
figure 3-1). In general it has been found easier to form
2 beam closer to the broadside direction. Thua the problem
reduces to slowing the wave down gufficliently to give the
correct pointing direction, and to simultaneously achieve
nigh gain and low slde lobes. The closmest that hasg bheen
realized to this time is about 6 db gain at 34° from end
fire with 10 4b side lobes.

3.1.3 Plana for Next Reporting Period, Analyeis and Model Itudy

This radlation 1s now far encugh along that it can be
used to model the complete antenna, both in the 1 - and the
1/2 - transverse separation configuration. This will be
done at 4 to 1 seale frequency which is the ratio beling used
for the present work. This rather complete model will mive
conelusions whieh are about equally valid for the lumped
element type of antenna and for the traveling wave type of
antenna, A final stern 1n the modeling work will be to tilt
the slot radlators to compensate for the 18 tilted plane
on which they are mounted.

3.2 DEVELOPMENT OF ELEMENTS AND POWER DIVIDERS

Hardware development and Jayout for & full scale
feasibility discrote element demonstration antenra 1is nearly
complete, This antenna configuration, which conmsists of ar

array of radlating elements fed from power dividers cascaded
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on a single tranamisslion line, is compatible with space
allocation in the vehicle. Phase control of the radiating
alements will be achleved by the length of coaxial cable
coupling the radlating element to the powsr divider.

3.2.1 Radilating Elements

A radiating element configpuration was develosed having
an input impedance aquivalent to a single parallel resconant
circult matohed to a 50 chm line at center frequency with a
3% bandwidth for a VSWR less than 2. This bandwidth may
increase Iin array operation due to the proximity effects of
the other radlators. If a further bandwidth increase is
neceasary, 1t may be achieved by coupling the radiator Ainput
to a resonator through a guarter wave line, producing the
aaquivalent of & two stage {ilter.

3.2.2 Power Dividers

The power dividers belng designed are directional
couplers utilizing 4 pair of enclosed, continucusly coupled,
aquarter wave long conductors. These power dividers are
located adjacent to the corresponding radiasting element and
secuny a one inch square ¢roga-section,

3.2.3 Plans for Next Reporting Period, Elements and Power
Jividars

The design of radiating elements and power dividers

for a full scale demonstration antenna will be completed and

released for [abrieation,
3.3 FABRICATION AND TEST OF DELIVERABLE ANTENNA SYSTEM

No fabrication relsases have yet been made in this aresn,
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